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PREFACE 

Thank you very much for making use of Toshiba microcomputer LSIs and development 
systems. 

Toshiba has a broad range of microcomputer LSIs which are applicable to various fields 
ranging from consumer to industrial. This document describes the 16-bit microcontroller 
TLCS-900 series with regard to system architecture, electrical characteristics and package 
dimensions. 

The TLCS-900 series is the original Toshiba microcontroller which has features in 
multifunction I/Os and large-capacity program and data areas. 

The current market tends to be compact, and demands the systems be simple and 
reasonably priced. Additionally, one-chip I/O peripherals and high-performance 
microcontrollers are demanded. The TLCS-900 series has been developed to satisfy all these 
needs clearly. 

Because Toshiba constantly modifies systems to meet specific requests, updated 16-bit 
microcontroller families will always be available. 
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900, 900/L CPU Core Different Points 

There are 2 type CPU core : © 900_CPU, © 900/L_CPU in TLCS-900 series and they 
are different from following points. But a data book of both CPU core is common and 
they are explained in this chapter. 

In this chapter, only the different points are shown by 



^^^-^^ CPU 
Different Point^ — 


© 900 CPU 


® 900/L CPU 


CPU Operating mode 


System/Normal mode 


System mode 


CPU Register mode 


After reset, the mode is set to 
MIN (minimum) mode. 
The MAX mode is set by a 
'MAX' instruction. 


After reset, the mode is set to 
MAX (maximum) mode. 
The MIN mode is set by a 
'MIN' instruction. 


Interrupt vector formula 


Restart formula 


Vector formula 


Normal Stack Pointer 
XNSP 


exist 


not exist 


Interrupt Nesting Counter 
INTNEST 


not exist 


exist 


Operating Voltage 


5V+ 10% 


2.7-5. 5V 



Figure 1 900, 900/L CPU Different Points 
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1. OUTLINE 

The TLCS-900 series has an original Toshiba high-performance 16-bit CPU. 
Combining the CPU with various I/O function blocks (such as timers, serial I/Os, ADs) 
creates broad possibilities in application fields. 

The TLCS-900 CPU, being 16-bit CPU, has a 32-bit/16-bit register bank 
configuration, therefore it is suitable as an embedded controller. 

The TLCS-900 CPU features are as follows : 

(DTLCS-90 extended architecture 

• Upward compatibility on mnemonic and register set levels 

(2) General-purpose registers 

• All 8 registers usable as accumulator 

(3) Register bank system 

• Minimum mode : eight 16-bit register banks 

• Maximum mode : four 32-bit register banks 

(4) 16M-byte linear address space ; 9 types addressing modes 

(5) Dynamic bus sizing system 

• Can consist 8- / 16-bit external data bus together 

(6) High reliability 

9 Supporting system mode and normal mode (900_CPU) 

• Supporting only system mode (900/LJdPU) 

(7) Orthogonal instruction sets 

• 8-/16-/32-bit data transfer/arithmetic instructions 

• 16-bit multiplication/division 

16 X 16 to 32-bits (signed/unsigned = 3.25^s @16MHz) 

32 h- 16 to 16 bits (unsigned = 3.75^s, signed = 4.0 @16MHz) 

• Bit processing including bit arithmetic 

• Supporting instruction for C compiler 

• Filter calculations : multiplication-addition arithmetic, modulo increment 
instruction 

(8) High-speed processing 

• Minimum instruction execution time: 200ns @20MHz 

• Pipeline system with 4-byte instruction queue buffer 

• 16-bit ALU 
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2. CPU OPERATING MODES 

(1) The case of 900_CPU 

The 900_CPU has two types of operating modes : system and normal. These modes 
are switched by instructions or interrupts. In system mode, there are no restrictions on 
using instructions or registers. 

The CPU resources effective in system mode are as follows : 

1) General-purpose registers 

• Four 16-bit general-purpose registers X 8 banks (minimum mode) 
or 

Four 32-bit general-purpose registers X 4 banks (maximum mode) 

• Four 32-bit general-purpose registers (including system stack pointer : XSP) 

2) Status register (SR) : including system mode flag 

3) Program counter (PC): 32 bits for maximum mode, 16 bits for minimum mode 

4) Control register: parameter register for high-speed micro DMA, etc. 

5) Normal stack pointer: accessible as control register (XNSP) 

6) All CPU instructions 

7) All built-in I/O registers 

8) All built-in memories 

In normal mode, the ineffective CPU resources are as follows : 

1) Privileged instructions (PUSH SR, POP SR, EI, DI, RETI, HALT, LDC, etc.) 

2) Controlling status register (SR) flags 

• <SYSM>, <IFF0~2>, <MAX> 

3) Control register (CR) : parameter registers for high-speed micro DMA, etc. 

4) Built-in I/O registers (depending on products) 



Product name 


Built-in I/O registers which cannot be 
accessed in normal mode 


96C141,96C141A 
96C041A 

96CM40, 96PM40 
*96C031 
*96C081 


Chip select/wait controller 
(BnCS registers) 

n : channel number 



Note: * Underdevelopment 
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5) Built-in memories (depending on products) 



Product name 


Memories which cannot be accessed in normal mode 


96C141,96C141A 

96C041A 
96CM40, 96PM40 

*96C031 

*96C081 


Memory blocks whose built-in chip select/wait controller's BnSYS 
bits are set to 1 (memory space set to system mode) 

n : channel number 



Note: * Underdevelopment 



The stack pointers (SP) are provided in both system mode and normal mode, named 
SYSTEM STACK POINTER and NORMAL STACK POINTER. These pointers are 
automatically switched when the CPU mode is changed by the NORMAL instruction or 
an interrupt. In system mode, the normal stack pointer (XNSP) is handled as a control 
register, and can be accessed by the LDC instruction. 

The CPU enters system mode by system reset, as well as by interrupt. The CPU 
changes from system to normal mode by the NORMAL instruction. The NORMAL 
instruction resets the < SYSM > bit of the status register (SR) to "0", and sets the CPU 
to normal mode. Figure (1)-1 shows the mode transition figure. 

This makes it possible for an OS-less system to configure software by using system 
mode only. 



resetting 




instruction ("RETI") 



Figure (1)-1 The Mode Transition Figure 
(2) The case of 900/L_CPU 

The 900/L CPU has only system mode. 

Therefore, it does not have the restriction like the 900_CPU. 
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3. 



REGISTERS 



3.1 Register Structure 

Figure 3.1 (1) and (2) illustrate the format of registers. The TLCS-900 series has two 
register modes. 

© Minimum mode 64K-byte program area/1 6M-byte data area 



Four 32-bit general-purpose registers 

+ 

16-bit program counter 

® Maximum mode 16M-byte program area/16M-byte data area 

Four 32-bit general-purpose registers X 4 banks 
+ 

Four 32-bit general-purpose registers 
+ 

32-bit program counter 

Regi$ter mode changing 

(1) The case of 900_CPU 

The <MAX> bit in status register (SR) is initialized to "0" and set to Minimum mode 
by resetting. 

The "MAX" instruction changes to Maximum mode. The 900_CPU does not have a 
"MIN" instruction. 

(2) The case of 900/L_CPU 

The <MAX> bit in status register (SR) is initialized to "1" and set to Maximum 
mode by resetting. The "MIN" instruction changes to Minimum mode. The 900/L_CPU 
does not have a "MAX" instruction. 

Stack Pointer 

(1) The case of 900_CPU 

The stack pointer (SP) is provided for each operating mode (System and Normal 
mode). The system stack pointer (XSP) is set to 100H by resetting. 
But the Normal stack pointer (XNSP) is not changed by resetting. 



Four 16-bit general-purpose registers X 8 banks 
+ 
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(2) The case of 900/L_CPU 

The stack pointer (SP) is provided for only System mode (XSP). The System stack 
pointer (XSP) is set to 100H by resetting. 



General- 
purpose 
registers 



XIX 
XIY 
X1Z 
XSP 




WA 


W 


A 


BC 


B 


C 


DE 


D 


E 


HL 


H 


L 





1 X 




1 Y 




1 Z 




S P 



^- (For system mode) 

(For normal mode) 
only900 m CPU 



Dedicated 
registers 



SR 



32bits 



INTNEST 



16bits 



Only900/L_CPU 



Figure 3. 1(1) Register Format (minimum mode: 64K-byte program area) 



Note : The data memory area is 16M-byte. 

The whole 16M-byte area can be accessed by using the registers (XIX, XIY, XIZ, XSP) or 
absolute addressing mode. 
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4banks 



General- 
purpose 
registers 



XWA 
XBC 
XDE 
XHL 

XIX 
XIY 
XIZ 
XSP 





w 


A 




B 


C 




D 


E 




H 


L 





1 X 




1 Y 




1 Z 




S P 



(Forsystem mode) 

- (For normal mode) 
only 900_CPU 



Dedicated 
registers 



SR 



INTNEST 



32bits 



Only 900/L_CPU 



Figure 3. 1(2) Register Format (maximum mode: 16M-byte program area) 



To change from maximum to minimum mode or from minimum to maximum mode or 
from minimum to maximum mode, there is no dedicated instruction; instead, the RETT 
or POP SR instruction changes the <MAX> bit of the status register. 

When the mode changes from minimum to maximum, the 16-bit general-purpose 
registers (WA, BC, DE, and HL) are extended to 32-bit general-purpose registers (XWA, 
XBC, XDE, and XHL). The value of the upper 16 bits (that is, bit 16 to bit 31) are 
undefined. Those registers need to be initialized before use. Changing the mode from, 
minimum to maximum also extends the program counter to 32 bits which automatically 
writes "0" to the upper 16 bits. 

So doing ensures program continuity. 
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3.2 Register Details 

3.2.1 General-purpose bank registers 

As explained in the previous section, the TLCS-900 series has two register formats. 
Which of the register formats is used depends on whether the mode is minimum or 
maximum. In either way, the register sets and registers in each bank are used exactly 
the same. 

(1) General-purpose Bank Registers in Minimum Mode 

In minimum mode, the following four 16-bit general-purpose registers consisting of 8 
banks can be used. The register format in a bank is shown below. 

Four 16-bit registers (WA, BC, DE, and 15-* ; — — (I6bits)— — — ^0 

6 ' 7-«-(8bits) — ^0 7^ — (8bits) — ^0 

HL) are general-purpose registers and can 

be used as accumulators, index registers, WA 

and displacement registers. They can also BC 

be used as 8-bit registers (W, A, B, C, D, E, DE 

H, and L) to function for example as HL 

accumulators. 

(2) General-purpose Bank Registers in Maximum Mode 

In maximum mode, the following four 32-bit general-purpose registers consisting of 4 
banks can be used. The register format in a bank is shown below. 



w 


A 


B 


C 


D 


E 


H 


L 



XWA 
XBC 



Four 32-bit registers 
(XWA, XBC, XDE, and XHL) 
are general-purpose registers 
and can be used as an 
accumulators and index 
registers. They can also be XDE 
used as 16-bit registers (WA, XHL 
BC, DE, and HL), in which 
case, the lower 16 bits of the 
32-bit registers are assigned. 



31 



-(3 2 bits) 



15- 
7- 



(16bits) 

-(8bits)-*-0 7-« 



^0 

^0 

-(8bits) -*rj 





W (WA) A 




B (BC) C 




D (DE) E 




H (HL) L 



Note: Round brackets ( ) signify 16-bit registers. 



16-bit registers can be used as accumulators, index registers in index addressing 
mode, and displacement registers. They can also be used as two 8-bit general-purpose 
registers (W, A, B, C, D, E, H, and L) to function for example as accumulators. 
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3.2.2 32-bit General-purpose Registers 



The TLCS-900 series has four 32-bit general-purpose registers (XIX, XIY, XIZ, and 
XSP). They are fixed, independent of maximum or minimum mode. The register format 
is shown below. 



These registers can also be 
used as accumulators, index 
registers, and displacement XIX 
registers. They can be used XIY 
either as 16-bit, or 8-bit XIZ 
registers. Names when 
registers are used as 8-bit 
registers are listed later. 



31 



(32 bit register) 

15-* (16bit Register) 



XSP 





IX 




IY 




IZ 




SP 



only 900_CPU 



Stack Pointer 

(1) The case of 900_CPU 

The XSP register is utilized for stack pointers. This register is provided for both 
SYSTEM and NORMAL mode. Stack pointer for SYSTEM mode is called SYSTEM 
STACK POINTER, and for NORMAL mode is called NORMAL STACK POINTER. 
NORMAL and SYSTEM stack pointer are independent and switched automatically by 
change of the CPU operating mode. In both modes, they are referred to as XSP. The 
system stack pointer (XSP) is not able to be accessed from normal mode. The normal 
stack pointer (XSP) is able to be accessed from system mode as one of control registers 
(CR). In this case, it is referred to as XNSP. The XNSP can be accessed using the 
(privileged) LDC instruction. 

When an interrupt occurs in the normal mode, the CPU enters system mode. At the 
same time, the normal stack pointer changes automatically to the system stack pointer 
(XSP). Then the previous normal stack pointer can be changed as a control register. 
After return using the RETI instruction, the mode and the stack pointers become 
normal. 

After reset, the system stack pointer is initialized to 100H; the normal stack pointer 
remains undefined. Thus, when changing to normal mode it is necessary to initialize 
XSP. 

(2) The case of 900/L_CPU 

The XSP register is utilized for stack pointer. It is used when the interrupt is occured 
or "CALL", "RET" instruction are executed. 
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3.2.3 Status Register (SR) 

The status register contains flags indicating the status (operating mode, register 
format, etc.) of the CPU and operation results. This register consists of two parts. The 
upper byte of the status register (bits 8 to 15) indicates the CPU status. The lower byte 
(bits to 7) are referred to as the flag register (F). This indicates the status of the 
operation result. The TLCS-900 series has two flag registers (F and F'). They can be 
switched using the EX instruction. 

(1) Upper Byte of Status Register 



15 


14 


13 


12 


11 


10 


9 


8 


SYSM 


IFF2 


IFF1 


IFFO 


MAX 


RFP2 


RFP1 


RFPO 



© SYSM (SYStem Mode) 
• Thecaseof900_CPU 

Indicates the CPU operating mode, system or normal. In system mode, all 
instructions can be executed. In normal mode, privileged instructions cannot be 
executed. (If forced, a privilege violation interrupt will occur.) 

Initialized to 1 (system mode) by reset. To change to normal mode, use the 
"NORMAL" instruction. An interrupt automatically causes the mode to change 
from normal to system. 






Normal mode 


1 


System mode 



• Thecaseof900/L_CPU 

"1" is always set, because 900/L_CPU has only system mode. 
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© IFF2 ~ IFFO (Interrupt mask Flip-Flop2 ~ 0) 

Mask registers with interrupt levels from 1 to 7. Level 7 has the highest 
priority. 

Initialized to 111 by reset. 



000 


Enables interrupts with level 1 or higher. 


001 


Enables interrupts with level 1 or higher. 


010 


Enables interrupts with level 2 or higher. 


011 


Enables interrupts with level 3 or higher. 


100 


Enables interrupts with level 4or higher. 


101 


Enables interrupts with level 5 or higher. 


110 


Enables interrupts with level 6 or higher. 


111 


Enables interrupts with level 7 only (non-maskable interrupt). 



Same 



Any value can be set using the EI instruction. 

When an interrupt is received, the mask register sets a value higher by 1 than 
the interrupt level received. When an interrupt with level 7 is received, 111 is set. 
Unlike with the TLCS-90 series, the EI instruction becomes effective immediately 
after execution. 

<D MAX (MlNimum/MAXimum) 

Bit used to specify the register mode which determines the sizes of the register 
banks and the program counter. 






Minimum mode 


1 


Maximum mode 



If the program size exceeds 64K bytes, use the "MAX" instruction to set this 
register to "1" so that register mode becomes maximum mode. 
Initialized to "0" (minimum mode) for 900_CPU by reset. 
Initialized to "1" (maximum mode) for 900/L_CPU by reset. 
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© RFP2-RFP0 (Register File Pointer2~0) 

Indicates the number of register file (register bank) currently being used. 
Initialized to 000 by reset. 

The values in these registers can be operated on using the following three 
instructions. RFP2 is fixed to in maximum mode. It remains even if an 
attempt to change it to 1 using following instructions. 

• LDF imm ; RFP^imm (0-7) (200ns @20MHz) 

• INCF ;RFP^RFP + 1 (200ns @20MHz) 

• DECF ;RFP^RFP-1 (200ns @20MHz) 

(2) Flag Register, F 



7 


6 


5 


4 


3 


2 


1 





S 


Z 


"0" 


H 


"0" 


V 


N 


C 



© S (Sign flag) 

"1" is set when the operation result is negative, "0" when positive. 
(The value of the most significant bit of the operation result is copied.) 

(D Z (Zero flag) 

"1" is set when the operation result is zero, otherwise "0". 

® H (Half carry flag) 

"1" is set when a carry or borrow from bit 3 to bit 4 occurs as a result of the 
operation, otherwise "0". With a 32-bit operation instruction, an undefined value 
is set. 

® V (Parity/over-flow flag) 

Indicates either parity or overflow, depending on the operation type. 
Parity (P): "0" is set when the number of bits set to 1 is odd, "1" when even. 

An undefined value is set with a 32-bit operation instruction. 
Overflow (V): "0" is set if no overflow, if overflow "1". 

© N (Negative) 

ADD/SUB flag 

"0" is set after an addition instruction such as ADD is executed, "1" after a 
subtraction instruction such as SUB. 

Used when executing the DAA (decimal addition adjust accumulator) instruction. 
© C (Carry flag) 

"1" is set when a carry or borrow occurs, otherwise "0". 
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Read and write process of status register 





900_CPU 


900/LCPU 


Read from bits ~ 15 


©fPUSH SR (Privileged instruction) 
LpOP src 


©fPUSH SR 
LPOP src 


Write to bits ~ 15 


© POP SR (Privileged instruction) 


© POP SR 


Only bit 15 
<SYSM> 


© NORMAL (Privileged instruction) 
"0" is written. 

© Interrupt 
"1 " is written. 


" 1 " is always set, because 
900/L CPU has only system 
mode. 


Only bits 14- 12 
<IFF2 : 0> 


© El num (Privileged instruction) 
A value of "num" is written. 


© El num 

A value of "num" is written. 


Only bit 11 
<MAX> 


© MAX (Privileged instruction) 
"1" is written. 


© MIN 

"0" is written. 


Only bits 10-8 
<RFP2 : 0> 


© LDF imm 
© INCF 
(D DECF 


Only bits 7 - 


© PUSH F/POP F 
© EX F, F' 

® A flag is set indirectly by executing arithmetic instructions 
etc. 



3.2.4 Program Counter (PC) 

The program counter is a pointer indicating the memory address to be executed next. 
The program counter bit length depends on whether the register format is in minimum 
or maximum mode. 

In minimum mode, the program counter consists of 16 bits, and a maximum program 
area of 64K bytes (from addresses 000000H to 00FFFFH) can be accessed. 

In maximum mode, the program counter consists of 32 bits. The size of the program 
area depends on the number of the address pins that the product has. With 24 address 
pins (AO to A23), a maximum program area of 16M bytes can be accessed as a linear 
address space. In this case, the upper 8 bits of the program counter (bits 24 to 31) are 
ignored. 

When the register format changes from minimum to maximum mode, the upper word 
of the program counter (bits 16 to 31) is extended so that the program counter becomes 
32 bits long. This automaticaly writes "0" to the upper word of the program counter. So 
doing ensures program continuity. 
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PC after reset 

• Thecaseof900_CPU 

The program counter is initialized to 8000H by reset. Then, the 900 CPU reads 
program after 8000H and executed. 

• Thecaseof900/L_CPU 

The 900/L_CPU reads a value of a reset vector from a vector base address by 
reset and sets the value into a program counter. Then, program after the vector 
specified by the program counter are executed. 

The vector base address is depending on products. They are given below. 



Product 


Vector Base Address 


PC setting after reset 


93CM40, 93CM41 


8000H 


PC (7:0) <- value of 8000H address 
PC(15:8) <-valueof 8001 H address 
PC (23 : 16) <- value of 8002H address 



* With the TMP93CM40 and TMP93CM41, set PC (23:16) to "00H" and locate a reset vector 
into 64KB area. 



3.2.5 Control registers (CR) 

The control registers consist of registers used to control high-speed u DMA operation, 
a TLCS-900 series feature, and a normal stack pointer, which exists only in 900_CPU 
(not in 900/L_CPU) and can be accessed in system mode and an interrupt nesting 
counter, which exists only in 900/L_CPU (not in 900_CPU). Control registers can be 
accessed by using the LDC instruction (privileged instruction for 900_CPU), which can 
only be used in system mode. 

Control registers are illustrated below. 





<DMA 


S0> 






<DMA 


Sl> 






<DMA 


S2> 






<DMA 


S3> 






<DMA 


D0> 






<DMA 


Dl> 






<DMA 


D2> 






<DMA 


D3> 






DMAM0 


(DMA 


CO) 




DMAM1 


(DMA 


CD 




DMAM2 


(DMA 


C2) 




DMAM3 


(DMA 


C3) 



//DMA 
source 
register 



/u DMA 

destination 

register 



//DMA 

mode/counter 
register 



<XN |SP> 



( ) : Word register name (16 bits) 
<> : Long word register name (32 bits) 



' INTN 



SP) 



EST) 



For high-speed M DMA, refer to "Part 2 TLCS-900 LSI Devices". 



1 Normal slack 

1 pointer 

| (onlyin900_CPU) 

Interrupt Nesting 
Counter 

(only in 900/LCPU) 
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3.3 Register Bank Switching 

Register banks are classified into the following three types. 
Current bank registers 
Previous bank registers 
Absolute bank registers 

The current bank is indicated by the register file pointer, <RFP>, (status register 
bits 8 to 10). The registers in the current bank are used as general-purpose registers, as 
described in the previous section. By changing the contents of the < RFP > , another 
register bank becomes the current register bank. 

The previous bank is indicated by the value obtained by subtracting 1 from the 
<RFP> . For example, if the current bank is bank 3, bank 2 is the previous bank. The 
names of registers in the previous bank are indicated with a dash (WA', BC, DE 1 , HL'). 
The EX instruction (EX A,A') is used to switch between current and previous banks. 

All bank registers, including the current and previous ones, have a numerical value 
(absolute bank number) to indicate the bank. With a register name which includes a 
numerical value such as RWO, RAO, etc., all bank registers can be used. These registers 
(that is, all registers) are called absolute bank registers. 

The TLCS-900 series CPU is designed to perform optimally when the current bank 
registers are operated as the working registers. In other words, if the CPU uses other 
bank registers, its performance degrades somewhat. In order to obtain maximum CPU 
efficiency, the TLCS-900 series has a function which easily switches register banks. 

The bank switching function provides the following advantages: 
° Optimum CPU operating efficiency 
Reduced programming size (Object codes) 

° Higher response speed and reduced programming size when used as a context 
switch for an interrupt service routine. 

Bank switching is performed by the instructions listed below. 

LDF imm : Sets the contents of the immediate value in <RFP>. imm: to 7 
INCF : Increments <RFP> by 1. 
DECF : Decrements < RFP > by 1. 

In minimum mode, the immediate values used by the LDF instruction are from to 7, 
in maximum mode to 3. If a carry or borrow occurs when the INCF or DECF 
instruction is executed, it is ignored. The value of the <RFP> rotates. For example, if 
the INCF instruction is executed with bank 7, the result is bank 0. If the DECF 
instruction is executed with bank 0, the result is bank 7. Note that careless execution of 
the INCF or DECF instruction may destroy the contents of the register bank. 
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• Example of Register Bank Usage 

The TLCS-900 series registers are formatted in banks. Banks can be used for 
processing objectives or interrupt levels. Two examples are given below. 

< Example 1 > When assigning register banks to interrupt processing routines. 

Register bank = Used for the main program and interrupt processing other than 

that shown below. 
Register bank 1 = Used for processing INTO . 
Register bank 2 = Used for processing timer 0. 
Register bank 3 = Used for processing timer 1. 
Register bank 4 — Used for processing A/D converter. 
Register bank 5 = Used for processing serial I/O. (Data send) 
Register bank 6 = Used for processing serial I/O. (Data receive) 
Register bank 7 = Used for processing NMI. 

For example, if a timer 1 interrupt occurs during main program execution, processing 
jumps to a subroutine as follows. PUSH/POP processing for the register is unnecessary. 

LDF 3 ; Sets register bank to 3. 0.2 ^s(@20MHz) 



RETI ; Returns to previous status including < RFP > . 
1.2^s(@20MHz) 

< Example 2 > When assigning register banks to their appropriate interrupt level 
nesting. 

Main Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt 
1 2 3 4 5 6 7 

ri 

' INCF 




RETI 



Note 1 : In the above example, when interrupt nesting exceeds the number of register 
banks (8), the <RFP> becomes 000 and the contents of register bank are 
destroyed. However, interrupt levels are usually from 1 to 7, so in most cases 
nesting will not exceed 8 levels.Unless, that is, multiple NMIs occur. If there is 
any chance of multiple NMIs occurring, do not use the INCF instruction in the 
NMI processing routine. 

Note 2 : The INCF instruction is used to execute <RFP> ^<RFP> + 1. 
0.2 /us (@20 MHz) 
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3.4 Accessing General-purpose Registers 

The register access code is formatted in a varied code length on byte basis. The 
current bank registers can be accessed by the shortest code length. All general-purpose 
registers can be accessed by an instruction code which is 1 byte longer. General-purpose 
registers are as follows. 

© General-purpose registers in current bank 



(Minimum mode) 











W 


(W 


A) 


A 










B 


(B 


C) 


C 










D 


(D 


E) 


E 










H 


(H 


L) 


L 


(Maximum mode) 


QW 


(Q 


WA ) 


QA 


<X 


WA 


> 


W 


(W 


A ) 


A 


QB 


(Q 


BC ) 


QC 


<X 


BC 


> 


B 


(B 


c ) 


C 


QD 


(Q 


DE ) 


QE 


<X 


DE 


> 


D 


(D 


E ) 


E 


QH 


(Q 


HL ) 


QL 


<X 


HL 


> 


H 


(H 


L ) 


L 



( ) : Word register name (16 bits) 

< > : Long word register name (32 bits) 



© General-purpose registers in previous bank 



(Minimum mode) 







W' (W 


A') A' 






B' (B 


C) C 






D' (D 


E') E' 






H' (H 


L') L' 



(Maximum mode) 



QW (Q 


WA') QA' <X 


WA'> W' (W 


A') A' 


QB' (Q 


BC) QC <X 


BC> B' (B 


C) C 


QD' (Q 


DE') QE' <X 


DE'> D' (D 


E') E' 


OH' (0 


HL') QL' <X 


HL'> H' (H 


L') L' 



® 32-bit general-purpose registers 



(Both minimum and maximum modes) 



QIXH 


(Q 


IX) 


QIXL 


<X 


| IX> 


IXH 


(I 


IX) 


IXL 


QIYH 


(Q 


IY) 


QIYL 


<X 


llY> 


IYH 


(I 


i Y ) 


IYL 


QIZH 


(Q 




QIZL 


<X 


|IZ> 


IZH 


(I 




IZL 


QSPH 


(Q 


SP) 


QSPL 


<X 


!SP> 


SPH 


( S 


:' p ) 


SPL 
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Absolute bank registers 
(Minimum mode) 




(Maximum mode) 



QWO 


(QWA 


0) 


QAO 


<XWA 


0> 


RWO 


(RWA 


0) 


RAO 


QBO 


(QBC 


0) 


QCO 


<XBC 


0> 


RBO 


(RBC 


0) 


RCO 


QDO 


(QDE 


0) 


QEO 


<XDE 


0> 


RDO 


(RDE 


0) 


REO 


QHO 


(QHL 


0) 


QLO 


<XHL 


0> 


RHO 


(RHL 


0) 


RLO 


QW1 


(QWA 


1) 


QA1 


<XWA 


1> 


RW1 


(RWA 


1) 


RA1 


QB1 


(QBC 


1) 


QC1 


<XBC 


1> 


RBI 


(RBC 


1) 


RC1 


QD1 


(QDE 


1) 


QE1 


<XDE 


1> 


RD1 


(RDE 


1) 


RE1 


QH1 


(QHL 


1) 


QL1 


<XHL 


1> 


RH1 


(RHL 


1) 


RL1 


QW2 


(QWA 


2) 


QA2 


<XWA 


2> 


RW2 


(RWA 


2) 


RA2 


QB2 


(QBC 


2) 


QC2 


<XBC 


2> 


RB2 


(RBC 


2) 


RC2 


QD2 


(QDE 


2) 


QE2 


<XDE 


2> 


RD2 


(RDE 


2) 


RE2 


QH2 


(QHL 


2) 


QL2 


<XHL 


2> 


RH2 


(RHL 


2) 


RL2 


QW3 


(QWA 


3) 


QA3 


<XWA 


3> 


RW3 


(RWA 


3 ) 


RA3 


QB3 


(QBC 


3) 


QC3 


<XBC 


3> 


RB3 


(RBC 


3 ) 


RC3 


QD3 


(QDE 


3) 


QE3 


<XDE 


3> 


RD3 


(RDE 


3 ) 


RE3 


QH3 


(QHL 


3) 


QL3 


<XHL 


3> 


RH3 


(RHL 


3) 


RL3 



( ) : Word register name (16 bits) 
<> : Long word register name (32 bits) 
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4. ADDRESSING MODES 

The TLCS-900 series has nine addressing modes. These are combined with most 
instructions to improve CPU processing capabilities. 

TLCS-900 series addressing modes are listed below. They cover the entire TLCS-90 
addressing modes. 



No. 


Addressing mode 


Description 


1. 


Register 


reg8 

reg16 

reg32 


2. 


Immediate 


n8 

n16 

n32 


3. 


Register indirect 


(reg) 


4. 


Register indirect 
pre-decrement 


( - reg) 


5. 


Register indirect 
post-increment 


(reg +) 


6. 


Index 


(reg +d8) 
(reg +d16) 


7. 


Register index 


(reg + reg8) 
(reg + reg 16) 


8. 


Absolute 


(n8) 

(n16) 

(n24) 


9. 


Relative 


(PC + d8) 
(PC + d16) 



reg 8 : All 8-bit registers such asW, A, B, C, D, E, H, L, etc. 
reg 1 6 : All 16-bit registers such as WA, BC, DE, HL, IX, IY, IZ, SP, etc. 
reg 32 : All 32-bit registers such as XWA, WBC, XDE, XHL, XIX, XIY, XIZ, XSP, etc. 
reg : All 32-bit registers such as XWA, WBC, XDE, XHL, XIX, XIY, XIZ, XSP, etc. 
(Maximum mode) 

All 16-bit bank registers such as WA, BC, DE, HL, etc. and XIX, XIY, XIZ, and XSP. 
(Minimum mode) 
d8 : 8-bit displacement (-80H- + 7FH) 
d16 : 16-bit displacement (-8000H- + 7FFFH) 

n 8 : 8-bit constant (OOH—FFH) 
n16 : 16-bit constant (0000H-FFFFH) 
n32 : 32-bit constant (00000000H-FFFFFFFFH) 
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Note 1 : Relative addressing mode can only be used with the following instructions: 
LDAR, JR, JRL, DJNZ, and CALR 

Note 2 : In minimum mode, register bank blocks (current bank registers and previous 
bank registers, and bank to 7 registers) consist of 16 bits. When these 16-bit 
registers are used for addressing, the CPU extends bits 16 to 31 to 0000H for 
address calculations. 
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(1) Register Addressing Mode 

In this mode, the operand is the specified register. 
Example: LDHL,IX 



CPU 



HL 


1 2 


3 4 






t 


IX 


1 2 


3 4 



The IX register contents, 1234H, are loaded to the HL register. 



(2) Immediate Addressing Mode 

In this mode, the operand is in the instruction code. 
Example: LDHL,5678H 



Program code 



CPU 








33 


78 




56 





(opcode) 



The immediate data, 5678H, is loaded to the HL register. 
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(3) Register Indirect Addressing Mode 

In this mode, the operand is the memory address specified by the contents of the 
register. 

Example 1: LD, HL, (XIX) ... in both minimum and maximum modes 



CPU 










HL 2 2 3 3 




33 




L_ 

1 

1 
1 




22 


XIX 1 2 3 4 5 6 7 8 









Address 345678H 
Address 345679H 



Memory data, 2233H, at address 345678H is loaded to the HL register. 
Example 2: LD, HL, (BC) ... in minimum mode 



Memory 




In minimum mode, if a bank register (WA, BC, DE, or HL) is used for addressing, 
address bits 16 to 23 are set to 00H. 

Example 3: LD HL.(XBC) ... in maximum mode 

Memory 

CPU 



HL 



4 4 5 5 



XBC 



12 3 4 5 6 7 8 







55 


L_ 

1 

1 
1 

1 


44 





Address 345678H 
Address 345679H 



In maximum mode, if a bank register (XWA, XBC, XDE, or XHL) is used for 
addressing, the values of bits to 23 are output to the address bus. 
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(4) Register Indirect Pre-decrement Addressing Mode 

In this mode, the contents of the register is decremented by the pre-decrement values. 
In this case, the operand is the memory address specified by the decremented register. 

Example 1 : LD HL, ( - XIX) ... in both minimum and maximum modes 

Memory 



CPU 



HL 



6 6 7 7 



Previous 
XIX 



Current 
XIX 



1 2 3 4 5 6 7 



■0 



1 2 3 4 5 6 7 6 



77 



66 



Address 345676H 
Address 345677H 



The pre-decrement values are as follows: 

When the size of the operand is one byte (8 bits) : — 1 
When the size of the operand is one word (16 bits) : — 2 
When the size of the operand is one long word (32 bits) : —4 



Example 2: LD A,(-BC) ... in minimum mode 

Memory 



CPU 



Previous BC 



5 6 7 



Current BC 5 6 7 7J-- 



Address 005677 -*- 



Example 3: LD XIX,(-XBC) ... in maximum mode 

Memory 



CPU 



XIX 



Previous 
XBC 



Current 
XBC 



2233 4455 



1 2 3 4 2 







1 2 3 3 F F F E 



55 



44 



33 



22 



Address 33FFFEH 
Address 33FFFFH 
Address 340000H 
Address 340001 H 
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(5) Register Indirect Post-increment Addressing Mode 

In this mode, the operand is the memory address specified by the contents of the 
register. After the operation, the contents of the register are incremented by the size of 
the operand. 

Example 1 : LD HL,(XIX + ) ... in both minimum and maximum modes 

JVIemory 

CPU ' 



HL 



8 8 9 9 



Previous XIX 


1 2 3 4 5 


6 7 8 \ 






H3 


Current XIX 


1 2 3 4 5 


6 7 A | 



99 



88 



Address 345678H 
Address 345679H 



Example 2: LD XIZ,(BC + ) ... in minimum mode 

Memory 



CPU 



XIX 



4 4 3 3 2 2 1 1 



Previous BC 



Current BC 



| — 



-0 



5 4 



11 



22 



33 



44 



Address 005000H 
Address 005001 H 
Address 005002H 
Address 005003H 



Example 3: LD A,(XBC +) ... in maximum mode 

Memory 



CPU 



A 5 5 



Previous XBC 



1234 5678 \ - 



CurrentXBC 1 2 3 4 5 6 7 9 



55 



Address 345678H 
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(6) Index Addressing Mode 

In this mode, the operand is the memory address obtained by adding the contents of 
the specified register to the 8- or 16-bit displacement value in the instruction code. 
Example 1 : LD HL,(XIX + 13H) ... in both minimum and maximum modes 



Memory 



CPU 






Address 345683H ■*- 
Address 345684H 






HL 5 5 6 6 ■<- 


66 




L_ 


55 


XIX 1 2 3 4 5 6 7 | 









Example 2: LD HL,(BC + 1234H) ... in minimum mode 

Memory 



CPU 



HL 
BC 



7 7 



4 



12 3 4 



77 



Address 005234H 
Address 005235H 



Example 3: LD HL,(XBC-1000H) ... in maximum mode 

Memory 



v.ru 










HL 5 5 6 6 




L 


66 


Address 33F000H •*— ■ 
Address 33F001H 




55 


XBC 1 2 3 4 








10 











The displacement values range from -8000H to + 7FFFH. 
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(7) Register Index Addressing Mode 

In this mode, the operand is the memory address obtained by adding the contents of 
the register specified as the base to the register specified as the 8- or 16-bit 
displacement. 

Example 1 : LD HL,(XIX + A) ... in both minimum and maximum modes 



Memory 



CPU 






Address 345683H 
Address 345684H 


HL 2 2 3 3 -« 


33 




L 


22 


XIX 1 2 3 4 5 6 7 | 

^)^1F|a 

1 









Example 2: LD HL,(BC + DE) ... in minimum mode 

Memory 




Example 3: LD HL,(XBC + DE) ... in maximum mode 

Memory 



CPU 



HL 



2 2 3 3 



XBC 



1 2 3 4 5 6 7 8 



J- 



2 



DE 



33 



22 



Address 347678H 
Address 347679 H 
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(8) Absolute Addressing Mode 

In this mode, the operand is the memory address specified by 1 to 3 bytes in the 
instruction code. Addresses 000000H to 0000FFH can be specified by 1 byte. Addresses 
000000H to OOFFFFH can be specified by 2 bytes. Addresses 000000H to FFFFFFH can 
be specified by 3 bytes. 
Example 1: LD HL,(80H) 



Memory 




Address 000080H 
Address 000081 H 



Example 2: LD HL,(1234H) 



Memory 



CPU 










HL 4 4 5 5 




55 




l_ 




44 



Address 001234H 
Address 001235H 



Example 3: LD HL,(56789AH) 



Memory 



CPU 










HL 6 6 7 7 




77 




L_ 




66 



Address 56789AH 
Address 56789BH 
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(9) Relative Addressing Mode 

In this mode, the operand is the memory address obtained by adding the 8- or 16-bit 
displacement value to the address where the instruction code being executed is located. 
In this mode, only the following five instructions can be used. 

LDAR R,$ + 4 + dl6 

JR cc,$ + 2 + d8 

JRL cc,$ + 3 + dl6 

CALR $ + 3 + dl6 

D JNZ r, $ + 3 + d8 ($ : start address of instruction code) 

In calculating the displacement object code value, the adjustment value ( + 2 to +4) 
depends on the instruction type. 
Example 1: JR2034H 

Memory 



JR instruction code — *► 
Displacement — *■ 



In the above example, the displacement object code value is: 
2034H - (2000H + 2) = 32H. 



68 
32 



Address 2000H 
Address 2001 H 
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5. INSTRUCTIONS 

In addition to its various addressing modes, the TLCS-900 series also has a powerful 
instruction set. The basic instructions are classified into the following nine groups: 

• Load instructions (8/16/32 bits) 

• Exchange instructions (8/16 bits) 

• Block transfer & Block search instructions (8/16 bits) 

• Arithmetic operation instructions (8/16/32 bits) 

• Logical operation instructions (8/16/32 bits) 

• Bit operation instructions (1 bit) 

• Special operations, CPU control instructions 

• Rotate and Shift instructions (8/16/32 bits) 

• Jump, Call, and Return instructions 

Table 5 lists the basic instructions of the TLCS-900 series. For details of instructions, 
see Appendix A; for the instruction list, Appendix B; for the instruction code map, 
Appendix C; and for the differences between the TLCS-90 and TLCS-900 series, 
Appendix D. 
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LD 

PUSH 

POP 

LDA 
LDAR 

EX 

MIRR 

LDI 

LDIR 

LDD 

LDDR 

CPI 

CPIR 

CPD 

CPDR 

ADD 

ADC 

SUB 

SBC 

CP 

AND 

OR 

XOR 

INC 

DEC 

MUL 

MULS 

DIV 



dst, src 
src 

dst 

dst, src 
dst, PC + dd 

dst1,dst2 
dst 



dst, src 
dst, src 
dst, src 
dst, src 
dst, src 
dst, src 
dst, src 
dst, src 
imm, dst 
imm, dst 
dst, src 
dst, src 
dst, src 



Table 5 (1) TLCS-900 Series Basic Instructions 
Load dst<-src 

Push src data to stack. 
SP<-SP-size: (SP) <-src 
Pop data from stack to dst. 
dst<-(SP) : SP<-SP + size 
Load address: set src effective address in dst. 
Load address relative: 

set program counter relative address value in dst. dst<— PC + dd 
Exchange dst1 and dst2 data. 
Mirror-invert dst bit pattern. 

Load increment 
Load increment repeat 
Load decrement 
Load decrement repeat 
Compare increment 
Compare increment repeat 
Compare decrement 
Compare decrement repeat 



DIVS dst, src 



Add 

Add with carry 
Subtract 

Subtract with carry 
Compare 
And 
Or 

Exclusive-or 
Increment 
Decrement 
Multiply unsigned 
Multiply signed 
Divide unsigned 
dst (low) <-dst -r src 
dst (high) «- remainder 

V flag set due to division by or overflow. 

Divide signed 

dst (low) <-dst-i-src 

dst (high) <— remainder: sign is same as that of dividend. 

V flag set due to division by or overflow. 



dst<-dst + src 
dst<-dst + src + CY 
dst«-dst-src 
dst<-dst - src - CY 
dst - src 

dst<-dst AND src 
dst<-dst OR src 
dst<-dst XOR src 
dst<-dst + imm 
dst<-dst - imm 
dst<-dst (low) x src 
dst<-dst (low) xsrc 



CPU900-30 



TOSHIBA 



TLCS-900 CPU 



MULA dst 

MINC1 num, dst 

MINC2 num, dst 

MINC4 num, dst 

MDEC1 num, dst 

MDEC2 num, dst 

MDEC4 num, dst 



NEG 

CPL 

EXTZ 

EXTS 

DAA 

PAA 



LDCF 
STCF 



BIT 
RES 
SET 
CHG 



dst 
dst 
dst 
dst 
dst 
dst 



bit, src 
bit, dst 



ANDCF bit, src 

ORCF bit, src 
XORCF bit, src 

RCF 
SCF 
CCF 
ZCF 



bit, src 
bit, dst 
bit, dst 
bit, dst 



TSET bit, dst 



Multiply and add dst<-dst+ (XDE) x (XHL-) 

32bit 32bit 16bit 16bit 

Modulo increment 1 
Modulo increment 2 
Modulo increment4 
Modulo decrement 1 
Modulo decrement 2 
Modulo decrement 4 

Negate dst<-0-dst (Twos complement) 

Complement dst«-notdst (Ones complement) 
Extend zero: set upper data of dst to 0. 

Extend signed: copy the MSB of the lower data of dst to upper data. 

Decimal adjustment accumulator 

Pointer adjustment accumulator: 
when dst is odd, increment dst by 1 to make it even, 
if dst (0) = 1 then dst<-dst + 1 . 

Load carry flag: copy src<bit> value to C flag. 
Store carry flag: copy C flag value to dst<bit>. 
And carry flag: 

and src<bit> value and C flag, then load the result to C flag. 

Or carry flag: orsrc<bit> and Cflag.then load resultto C flag. 
Exclusive-or carry flag : 

exclusive-or src< bit > value and C flag, then load result to C flag. 

Reset carry flag: reset C flag to 0. 

Set carry flag: set C flag to 1. 

Complement carry flag: invert C flag value. 

Zero flag to carry flag : copy inverted value of Z flag to C flag. 

Bit test: Z flag <- not src<bit> 
Bit reset 
Bit set 

Bit change dst<bit><-notdst<bit> 

Bit test and set: 

Z flag <- not dst<bit> 

dst<bit> <r- 1 
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BS1F A, dst 
BS1B A,dst 

NOP 

NORMAL 
MAX 



MIN 

El 
Dl 

PUSH 

POP 

SWl 



HALT 

LDC 
LDC 
LDX 



SR 
SR 
imm 



CTRL -REG, reg 
reg, CTRL -REG 
dst, src 



LINK reg.dd 

UNLK reg 

LDF imm 

INCF 

DECF 

SCC cc, dst 



Bit search 1 forward: search dst for the first bit set to 1 starting from 
the LSB, then set the bit number in the A register. 

Bit search 1 backward: search dst for the first bit set to 1 starting fom 
the MSB, then set the bit number in the A register. 

No operation 

Set CPU to normal mode. Not exist in 900/land 900/H CPU, 
Set CPU to maximum mode (32-bit bank register and PC). 
Not exist in 900/Land 9Q0/H CPU. 

Set CPU to minimum mode. Not exist in 900 CPU. 
Enable interrupt. IFF<-imm 
Disable maskable interrupt. I FF< — 7 
Push status registers. 
Pop status registers. 

Software interrupt 

PUSH PC&SR : JP 8000H + 10Hximm 
Halt CPU. 

Load control: copy the register contents to control register of CPU. 
Load control: copy the control register contents to register. 
Load extract. dst<-src 



Link: generate stack frame. 
PUSH reg 
LD reg, XSP 

ADD XSP, dd 

Unlink: delete stack frame. 
LD XSP, reg 
POP reg 



Load register file pointer: 
specify register bank. 

Increment registerfile pointer: 
move to new register bank. 

Decrement register file pointer: 
return to previous register bank. 

Set dst with condition codes, 
if cc then dst <-1 
else dst <-0. 



RFP<-imm 
RFP<-RFP + 1 
RFP*-RFP- 1 
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RLC 
RRC 
RL 

RR 

SLA 

SRA 

SLL 

SRL 



num, dst 
num, dst 
num, dst 
num, dst 
num, dst 
num, dst 
num, dst 
num, dst 



RLD dst 



RRD dst 



JR cc, PC + d 

JRL cc, PC + dd 

JP cc,dst 

CALR RC + dd 

CALL cc, dst 

DJNZ dst, PC + d 

RET cc 

RETD dd 

RETI 



Rotate left without carry 
Rotate right without carry 
Rotate left 
Rotate right 
Shift left arithmetic 
Shift right arithmetic 
Shift left logical 
Shift right logical 

Rotate left digit 
Rotate right digit 



rcn ^- H msb <- lsb i «J 

[~CrV -l- H MSB -> LSB H - 1 



CY 



MSB <h- LSB 



CY 



MSB 



CY 



LSB M 



H MSB ^ LSB H -0 



U [~cn j— | ^ MSB -h> LSB | -J 
LSB h *-Q 



rcr> 



MSB 



U fcn 0- H MSB LSB h J 



17 413 01 17 413 ~~0] 



Areg 



cTsF 



17 413 ~0l 17 413 ~0l 



Areg 



cTsT 



Jump relative (8-bit displacement) 

if cc then PC<-PC + d. 
Jump relative long (16-bit displacement) 

if cc then PC<-PC + dd. 
Jump 

if ccthen PC«-dst. 
Relative call (1 6-bit displacement) 

PUSH PC: PC<— PC + dd. 
Call relative 

if ccthen PUSH PC: PC^-dst. 
Decrement and jump if non-zero 

dst<-dst - 1 

if dst^Othen PC^-PC + d. 
Return 

if ccthen POP PC. 
Return and deallocate 

RET 

XSP<-XSP + dd 
Return from interrupt 
POPSR&PC 
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Table 5 (2-1) Instruction List (The case of 900_CPU) 



BWL 


LD 


rpn rpn 
i cy , i cy 


BWL 


INC imm3, reg 




NOP 




BWL 


LD 


reg, imm 




DEC imm3, mem.B/W 




*NORMAL 


BWL 


LD 


reg, rri6m 










*MAX 




BWL 


LD 


mem, reg 










El 


[trnm3] 


BW- 


LD 


m p m imm 
1 1 ici i if 1 1 1 1 1 1 1 










Dl 




BW- 


LD 


(nn), rncm 


BW- 


MUL 


reg, reg 


-W- 


*PUSH 


SR 


BW- 


LD 


mem, (nn) 




*MULS 


reg, imm 


-W- 


*POP 


SR 










DIV 


reg, mem 




SWI 


[imm3] 










*DIVS 




HALT 




BWL 


PUSH 


rpn/F 








BWL 


*LDC 


CTRL - R, reg 


BW- 


PUSH 


imm 


-W- 


*MULA 


reg 


BWL 


*LDC 


r£g,CTRL~R 


BW- 


PUSH 


mem 






B— 


*LDX 


(n),n 








-W- 


*MINC1 


imm, reg 






BWL 


POP 


reg/F 


-W- 


*MINC2 


imm, reg 


--L 


*LINK 


reg, dd 


BW- 


POP 




-W- 


*MINC4 


imm, reg 


— L 


*UNLK 


reg 








-W- 


*MDEC1 


imm, reg 




*LDF 


imm3 








-W- 


*MDEC2 


imm, reg 




*INCF 




-WL 


LDA 


rpn mpm 

icy, 1 1 ICI 1 1 


-W- 


*MDEC4 


imm, reg 




*DECF 




-WL 


LDAR 


ron Pf* _i_ rlrf 
1 , t UU 






RW 
D V v - 


*SCC 


cc, reg 






BW- 


NEG 


reg 












BW- 


CPL 


reg 


R\A/I 
D V V L 


RLC 


imm, reg 








-\A/I 
VVL 


*EXTZ 


reg 




RRC 


A, reg 


B- 


EX 


F, F' 


-WL 


*EXTS 


reg 




RL 


mem. BA/V 


BW- 


EX 


reg, reg 


B- 


DAA 


reg 




RR 




BW- 


EX 


mpm rpn 
1 1 ic 1 1 ig i cy 


-WL 


*PAA 


reg 




SLA 














SRA 
SLL 




-W- 


*MIRR 


reg 


BW- 


*LDCF 


imm, reg 




SRL 










*STCF 


A, reg 
















*ANDCF 


imm, mem.B 


B- 


RLD 


[A,] mem 










*ORCF 


A, mem.B 


B— 


RRD 


[A,] mem 


BW- 


LDI 






*XORCF 








BW- 


LDIR 
















BW- 


LDD 






RCF 






JR 


[cc,] PC + d 
[cc,] PC + dd 
[cc,] mem 
PC + dd 


BW- 


LDDR 






SCF 
CCF 
*ZCF 






JRL 
JP 

CALR 


BW- 


CPI 












CALL 


[cc,] mem 


BW- 


CPIR 




BW- 


BIT 


imm, reg 








BW- 


CPD 






RES 


imm, mem.B 


BW- 


DJNZ 


[reg], PC + d 

[cc] 
dd 


BW- 


CPDR 






SET 
*CHG 
TSET 






RET 
*RETD 


BWL 


ADD 


reg, reg 










mm 






ADC 


reg, imm 


-W- 


*BS1F 


A, reg 










SUB 


reg, mem 




*BS1B 










SBC 


mem, reg 
















CP 


mem, imm.B/W 
















AND 


















OR 


















XOR 

















L -*~ B = Byte (8bit), W = Word (1 6bit), L = Long-Word (32bit). 



* : Indicates instruction added to the TLCS-90 series. 

: Indicates privileged instruction. 
[ ] : Indicates can be omitted. 
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Table 5 (2-2) Instruction List (The case of 900L_CPU) 



BWL 


LD 


reg, reg 


BWL 


INC imm3, reg 




NOP 




R\A/I 
b VV L 


i n 


reg, imm 




DEC imm3, mem.BAA/ 








D\A/I 
bVVL 


LU 


reg, mem 










IVIIN 




BWL 


LU 


mem, reg 










El 


limm3J 


D\A/ 

b vv- 


LU 


mem, imm 










Ul 




D\A/ 

b vv- 


LU 


(nn), mem 


R\A/ 

bvv- 


MUL 


reg, reg 


\A/ 

-vv- 


* Dl 1CU 


CD 


b vv- 


LU 


mem, (nn) 




*MULS 


reg, imm 


\A/ 

-vv- 


* DAD 

rUr 


SR 










DIV 


reg, mem 




j VV 1 


[imm3] 










*DIVS 




U A 1 T 
nALI 




RWI 
DVVL 


PI ICW 

ruin 


reg/r 








R\A/I 
D VV L 


*i nr 

LUl- 


fTRI R ran 

li i\l - n, r eg 


D\A/ 

BW- 


Dl IC LI 


imm 


-vv- 


*MULA 


reg 

imm, reg 


BWL 


LUC 


reg, (_ I kl — k 


R\A/ 
D Vv 


PI KM 


mem 


\A/ 

-vv- 


*MINC1 


D 

D — 


*i r>Y 

LUA 




BWL 


POP 


reg/F 


-W- 


*MINC2 


imm, reg 


--L 


*LINK 


reg, dd 


D\A/ 
DVV- 


rUr 


mem 


-VV- 


*MINC4 


imm, reg 


i 

— L 


* 1 IMI V 


reg 








\A/ 

-vv- 


*MDEC1 


imm, reg 




*i r\c 
LUr 


imm3 








\A/ 

-vv- 


*MDEC2 


imm, reg 




I lM*_r 




\A/I 
-VVL 


i n a 
LUA 


reg, mem 


\A/ 

-vv- 


*MDEC4 


imm, reg 




utLr 




\A/I 

-VVL 


LUAK 


reg, PC + dd 






D\A/ 

b vv- 


bLL 


cc, reg 






BW- 


NEG 


reg 












BW- 


CPL 


reg 


D\A/I 

BWL 


D 1 <~ 


imm, reg 








\A/I 

-VVL 


*EXTZ 


reg 




nnr 
KKL 


A, reg 


B- 


EX 


F, F' 


-WL 


*EXTS 


reg 




RL 


mem. BA/V 


BW- 


EX 


reg, reg 


B-- 


DAA 


reg 




RR 




b VV- 


t A 


mem, reg 


\A/I 
-VVL 


*PAA 


reg 




C 1 A 
J LA 














CPA 
3KA 

_>LL 




\A/ 

-VV- 


1 VI 1 K K 


reg 


tsvv- 


*LDCF 


imm, reg 




CD 1 










*STCF 


A, reg 
















*ANDCF 


imm, mem.B 


B-- 


RLD 


[A,] mem 










*ORCF 


A, mem.B 


D 

D — 


r\r\U 


[A,] mem 


BW- 


LDI 






*XORCF 










BW- 


1 DIR. 
















D vv- 


i nn 

LUU 






RCF 






J r\ 


\rr 1 Pr -i- rl 
LLL,J r V- + U 


R\A/ 
D VV- 


i nnp 

LUUrx 






SCF 
CCF 
*ZCF 






1 D 

Jr 

/"AID 


frr 1 Pr -t- Hrl 
LLL,J rL T UU 

[cc,] mem 
rL + ua 


D\A/ 

b vv- 


1 












C A 1 1 


[cc,] mem 


BW- 


CPIR 




BW- 


BIT 


imm, reg 








BW- 


CPD 






RES 


imm, mem.B 


BW- 


DJNZ 


[reg], PC + d 

[cc] 
dd 


BW- 


CPDR 






SET 
*CHG 
TSET 






RET 
*RETD 


BWL 


ADD 


reg, reg 










RETI 






ADC 


reg, imm 


-W- 


*BS1F 


A, reg 










SUB 


reg, mem 




*BS1B 












SBC 


mem, reg 
















CP 


mem, imm.BA/V 
















AND 


















OR 


















XOR 


















B = Byte (8bit), W = Word (1 6bit), L = Long-Word (32bit). 



* : Indicates instruction added to the TLCS-90 series. 
[] : Indicates can be omitted. 
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6. DATA FORMATS 

The TLCS-900 series can handle 1/4/8/16/32-bit data. 



(1) Register Data Format 



1 bit 



<Data image> 

15|14|13|12|11110|9 |8|7|6|5|4|3|2|1|0| 
r | Lower | Upper | Lower | 




Long word [MSB 



LSB 



Note 1 : To access the parts indicated by 
accessing the other parts. 

(2) Memory Data Format 



\, the instruction code is one byte longer than when 



1 bit 
Byte 
Word 

Long word 



Note 2 



<Data image> 
Address n |7|6|5|4l3|2|l|0 



Address n MSB 



LSB 



Address n 
n + 1 

Address n 
n + 1 
n + 2 
n + 3 



Lower LSB 



MSB Upper 



Lower LSB 



MSB Upper 



There are no restrictions on the location of word or long word data in memory. They can be 
located from even or odd numbered address. 



Note 3 



When the PUSH instruction is used to save data to the stack area, the stack pointer is 
decremented, then the data is saved. 
Example: PUSH HL; XSP*-XSP-2 
(XSP) «-L 
(XSP+1)«-H 

This is the same in register indirect pre-decrement mode. The order is reversed in the 
TLCS-90 series: data is saved first, then the stack pointer is decremented. 
Example: PUSH HL; (XSP-1)<-H 
(XSP-2)<-L 
XSP<-XSP-2 
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(3) Dynamic Bus Sizing 

The TLCS-900 series can switch between 8- and 16-bit data buses dynamically during 
each bus cycle. This is called dynamic bus sizing. The function enables external 
memory extension using both 8- and 16-bit data bus memories. Products with a built-in 
chip select/wait controller can control external data bus size for each address area. 



Table 6(1) Dynamic Bus Sizing 



Operand 


Operand start 


Data size at 


CPU address 


CPU data 


data size 


address 


memory side 




D1 5 - D8 


D7 - DO 


8 bits 


2n + 


8 bits 


2n + 


xxxxx 


b7-b0 




(even) 


16 bits 


2n +0 


xxxxx 


b7-b0 




2n + 1 


8 bits 


2n + 1 


xxxxx 


b7-b0 




(odd) 


16 bits 


2n + 1 


b7-b0 


xxxxx 


16 bits 


2n + 


8 bits 


2n + 


xxxxx 


b7-b0 




(even) 




2n + 1 


xxxxx 


b15-b8 






16 bits 


2n +0 


b15-b8 


b7-b0 




2n + 1 


8 bits 


2n + 1 


xxxxx 


b7-b0 




(odd) 




2n + 2 


xxxxx 


b15-b8 






16 bits 


2n + 1 


b7-b0 


xxxxx 








2n + 2 


xxxxx 


b15-b8 


32 bits 


2n + 


8 bits 


2n + 


xxxxx 


b7-b0 




(even) 




2n + 1 


xxxxx 


b15-b8 








2n + 2 


xxxxx 


b23-b16 








2n + 3 


xxxxx 


b31 -b24 








2n+0 


b15-b8 


b7-b0 






16 bits 


2n + 2 


b31 -b24 


b23-b16 




2n + 1 


8 bits 


2n + 1 


xxxxx 


b7-b0 




(odd) 




2n + 2 


xxxxx 


b15-b8 








2n + 3 


xxxxx 


b23-b16 








2n + 4 


xxxxx 


b31 -b24 






16 bits 


2n + 1 


b7-b0 


xxxxx 








2n + 2 


b23-b16 


b15-b8 








2n+4 


xxxxx 


b31 -b24 



xxxxx : During read, indicates the data input to the bus are ignored. During write, 
indicates the bus is at high impedance and the write strobe signal is non- 
active. 
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(4) Internal Data Bus Format 

With the TLCS-900 series, the CPU and the internal memory (built-in ROM or RAM) 
are connected via a 16-bit internal data bus. The internal memory operates with wait. 
The CPU and the built-in I/Os are connected using an 8-bit internal data bus. This is 
because the built-in I/O access speed has little influence on the overall system operation 
speed. 

Overall system operation speed depends largely on the speed of program memory 
access. The built-in I/O operates in sync with the signal phase of the CLK pin. It is 
synchronized so that the CLK rises ( __n_) in the middle of the bus cycle. (Figure 7 (1) 
shows signal phases.) If the CLK is "1" when the ALE signal rises, 1 wait is inserted 
automatically for synchronization. 
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7. BASIC TIMINGS 

The TLCS-900 series runs the following basic timings. 

• Read cycle 

• Write cycle 

• Dummy cycle 

• Interrupt receive timing 

• Reset 

Figures 7 (1) to (8) show the basic timings. 



X1 



(Note) 



CLK 

AO-23 

CSO-2 
R/W 

ALE 
ADO-15 
RD 

ADO-15 



K 



HWR, WR 

wait 



T1 



50ns 



x ao-15 ~y 



200ns 



X AO-15 Y " 



Y 



(@20MHz) 



T2 



xz: 



Dout 



Read 



Write 



Note : CLK outputs are not always the same as the above phases. 

Figure 7(1) WAIT Read/Write Cycle 
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50ns 



T1 



X1 
CLK 
AO-23 
CSO-2 
R/W 

ALE 
AD0-15 
RD 

ADO-15 

HWr,wr 

WATT 




K AO- 15 y 



% AO- 15 



\ 



300ns 
TW 



(@20MHz) 



T2 



xz 



Din > 



Dout 



Read 



Write 



Figure 7 (2) 1WAIT ReadA/Vrite Cycle 
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50ns 



T1 



ZX 



ZDC 



k AO-15 > 

V 

K AO-15 X " 
\ 



300ns 
TW 



X 



(@20MHz) 



T2 



X Din / 



xz: 



Dout 



Read 



Write 



Figure 7 (3) 1WAIT + n ReadA/Vrite Cycle (n = 0) 
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Figure 7 (4) 1 WAIT + n Read/Write Cycle (n = 1) 
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Read 



Write 



Figure 7 (5) 2WAIT Read/Write Cycle 
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(@20MHz) 



100ns 



50ns 



X1 
CLK 
A0-23 
CSO-2 
R/W 

ALE 
ADO-15 
RD 



X 



IDC 



Irideteiminate 



HWR.WR 



WAIT 



Figure 7 (6) 1 State Dummy Cycle 
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X1 
CLK 
AO-23 
CSO-2 
R/W 

ALE 
ADO-15 
RD 

ADO-15 

hWr,Wr 



Falling edge 
interrupt 

Rising edge 
interrupt 

Level 
interrupt 



X AO-15 X 



\ 



\ 



X 



K AO-15 X Pout 



T 



X AO-15 X 



\ 



•Final cycle of instruction 



V 



f 



)C= 



) X AO-15 X Pout X 



• Interrupt response sequence ■ 



Read 



Write 



Note : This timing chart is a theoretical example. In practice, due to the operation of the bus 
interface unit in the CPU, external bus and internal interrupt receive timings do not 
correspond one to one. 



Figure 7 (7) Interrupt Receive Timing 
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-J \ / 



RESET 
A16-23 



Sampling 



CSO 



CS2 ~X. 



r/w ~ X 

ALE 



XZ7 



AD0~15 - - ( Address") - ( Address ) - 

RD W 

ADO—15 ( Address )( Data outpu^fAddress ) — — 

W 



WR 
HWR 

RAS 



^ r 



CASO-1 



CAS2 



w v_x._._ 



r 



Omits X1 for 10 times. 



J\PJ\S\S\I\PJ\PJ\PJ\I\I\PJ\f 



r 



Sampling 



^ — 



"A / V. 



H 
O 

cn 
i 

55 



_(P20_to 27 in j nput rnode) 

_(P40_to 4 1_ in j nput mod e) 



(P42 in input mode) 



(P36 in input mode) 



45- 
45- 



-45- 



"45— ~~ ( Address") - — — — — - { Data input ) — — 

-4S 



\ 



f 



(After reset is released, starts at 2 WAIT read cycle.) 

ss 



Read 



Write 



(P37 in input mode) 



(P40 to 41 in input mode) 
(P42 in input mode) 



45- 
4V- 

■4V- 



45- 



Note : indicates pulled up internally. 

indicates pulled down internally. 

Figure 7 (8) Reset Timings (external ROM operation: TMP96C141) 
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Appendix A: Details of Instructions 
■ Instruction List 



© Load 
LD 

© Exchange 
EX 



PUSH 



MIRR 



POP 



LDA 



LDAR 



Load Increment/Decrement & Compare Increment/Decrement 



LDI 



LDIR 



Arithmetic operations 
ADD ADC 
EXTZ EXTS 
MULA MINC 

Logical operations 
AND OR 

Bit operations 

LDCF STCF 
ZCF BIT 



LDD 

SUB 
DAA 
MDEC 

XOR 

ANDCF 
RES 



® Special operations and CPU control 
NOP NORMAL MAX 

SWI HALT LDC 

DECF SCC 

<& Rotate and shift 

RLC RRC RL 

RLD RRD 

(D Jump, call, and return 

JP JR JRL 

RETI 



LDDR 



SBC 
PAA 



CPL 

ORCF 
SET 

MIN 
LDX 



RR 



CALL 



CPI 



CP 
MUL 



XORCF 
CHG 

El 

LINK 



SLA 



CALR 



CPIR 



INC 
MULS 



RCF 
TSET 



Dl 

UNLK 



SRA 



DJNZ 



CPD 



DEC 
DIV 



CPDR 



NEG 
DIVS 



SCF 
BS1 



CCF 



PUSH.SR POP.SR 
LDF INCF 



SLL 



RET 



SRL 



RETD 



: 'NORMAL' and 'MAX' instruction exist only in 900_CPU, and 'MIN' instruction exists 
only in 900/L_CPU. 
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■ Explanations of symbols used in this document 



dst 


Destination: destination of data transfer or operation result load. 


src 


Source: source of data transfer or operation data read. 


num 


Number: numerical value. 


condition 


Condition: based on flag status. 


R 


Eight general-purpose registers including 8/16/32-bit current bank registers. 




8-bit registers 


W, A, B, C, D, E, H, L 




T6-bit registers 


WA, BC,DE, HL, IX, IY, IZ, SP 




32-bit registers 


XWA, XBC, XDE, XHL, XIX, XIY, XIZ, XSP 


r 


8/1 6/32-bit general-purpose registers 


rl6 


16-bit general-purpose registers 


r32 


32-bit general-purpose registers 


cr 


All 8/1 6/32-bit CPU control registers 




DMASO ~ 3, DMADO ~ 


3, DMACO ~ 3, DMAMO ~ 3, 




XNSP, INTNEST 




A 


A register (8 bits) 




F 


Flag registers (8 bits) 




F' 


Inverse flag registers (8 bits) 


SR 


Status registers (16 bits) 


PC 


Program counter (in minimum mode, 1 6 bits; in maximum mode, 32 bits) 


(mem) 


8/1 6/32-bit memory data 


mem 


Effective address value 




<W> 


When the operand size is a word, W must be specified. 


r ~\ 


Operands enclosed in square brackets can be omitted. 


# 


8/16/32-bit immediate data. 


#3 


3-bit immediate data 


to 7 or 1 to 8 ... for abbreviated codes. 


#4 


4-bit immediate data 


to 15 or 1 to 16 


d8 


8-bit displacement 


-80H-+7FH 


dl6 


16-bitdisplacement 


-8000H- + 7FFFH 


cc 


Condition code 




CY 


Carry flag 




Z 


Zero flag 




(#8) 


Direct addressing: (00H) to (OFFH) ... 256-byte area 


(#16) 


64K-byte area addressing: (0000H) to (OFFFFH) 


(-r32) 


Pre-decrement addressing 


(r32+) 


Post-increment addressing 


$ 


Start address of instruction 



* : XNSP exists only in 900_CPU, and INTNEST exists only in 900/L_CPU. 
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Explanations of symbols in object codes 



z 
zz 
zzz 
s 



Operand size specify code 





Byte 


Word 


Long word 


z 





1 




zz 


00 


01 


10 


zzz 


010 


011 


100 


s 







1 



Register specify code 



Code 


Byte 


Word 


Long word 


000 


W 


WA 


XWA 


001 


A 


BC 


XBC 


010 


B 


DE 


XDE 


011 


C 


HL 


XHL 


100 


D 


IX 


XIX 


101 


E 


IY 


XIY 


110 


H 


IZ 


XIZ 


111 


L 


SP 


XSP 



Note: In addition to the above, all registers can be specified by "r" using extension 
codes. (In this case, the number of execution states increases by 1.) The 
format is shown below. 




Sets the lower 4 bits to 0111. 

Inserts the register code specified 
by 8 bits between the first and 
second op codes. 



The code value in "r" must be: 

Multiple of 2, if accessed as a word register. 

Multiple of 4 ,if accessed as a long word. 
For registers specified by 8 bits, see Register Maps. 
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Memory addressing mode specify code 



(XWA) 


= |-0- 


-0000 






<7:0>= Indicates the data bit range. 


(XBC) 


= |-0- 


-0001 






Xhic ovAmn o m oanc 
l 1 1 1 j CAa iiipit. 1 1 Itr a 1 1 j 

from bit to bit 7. 


R-hit Hata 
O Ul lUa Let 


(XDE) 


= |-0- 


-0010 








(XHL) 


= -0- 


-0011 










(XIX) 


= -0- 


-0100 










(XIY) 


= |-0- 


-0101 










(XIZ) 


= |-o- 


-0110 










(XSP) 


= |-0- 


-0111 


1 








( XWA+d8 ) 


= |-0- 


-1000 


J| d<7:0> 




+2 states 


(XBC+d8) 


= |-o- 


-1001 


][ d<7:0> 




+2 states 


(XDE+d8) 


= |-0- 


-1010 


j| d<7:0> 




+2 states 


(XHL+d8) 


= -0- 


-1011 


|| d<7:0> 




+2 states 


(XIX+d8) 


= -0- 


-1100 


|| d<7:0> 




+2 states 


(XIY+d8) 


= |-0- 


-1101 


J| d<7:0> 




+2 states 


(XIZ+d8) 


= |-0- 


-1110 


J| d<7:0> 




+2 states 


(XSP+d8) 


= |-0- 


-1111 


|| d<7:0> 




+2 states 


(#8) 


= l~l- 


-0000 


|| #<7:0> 




+2 states 


(#16) 


= 1-1- 


-0001 


J| #<7:0> 


| #<15:8> | 


+2 states 


(#24) 


= 1-1- 


-0010 


j| #<7:0> 


|| #<15:8> || #<23:16> | 


+3 states 


(r32) 


= 1-1- 


-0011 


]| r32' } 00 




+5 states 


(r32+dl6) 


= I -1- 


-0011 


11 r32' | 01 


|| d<7:0> || d<15:8> | 


+5 states 


(r32+r8 ) 


= I" 1 " 


-0011 


] | 000000 | 11 


Jl r32 II r8 _J 


,+8 states 


(r32+rl6) 


= I" 1 " 


-0011 


11 000001 1 11 


J I r3Z ll r16 J 


;+8 states 


(-r32) 


= 


-0100 


]| r32' | zz 




; +3 states 


(r32+) 


= I" 1 " 


-0101 


11 r32' | zz 




; +3 states 



r-32 
rl6 
r-8 



32-bit register 
Signed 16-bit register 
Signed 8-bit register 



zz= Code used to specify the value of 
increments or decrements. 

00: ±1 
01: ±2 
10: ±4 

11: (Not defined) 
r32 ' = Upper 6 bits of register code 
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Condition codes 



Code 


Symbol 


Description 


Conditional expression 


0000 


F 


always False 




~ 


1UUU 


(none) 


always True 






0110 


Z 


Zero 




Z=l 


1110 


III/. 


Not Zero 




L. — U 


0111 


C 


Carry 




C=l 


1111 


MP 

Wis 


Not Carry 




r-n 


1101 


PL or P 


PLus 




s=o 


U1U1 


I'll (J 1 I'l 


Minus 




C- 1 
o 1 


1110 


NE 


Not Equal 




z=o 


0110 


fo 
c-v 


EQual 




Z = l 


0100 


OV 


Overflow 




P/V=l 


1100 


NOV 


No Overflow 




P/V=0 


0100 


PE 


Parity is Even 




P/V=l 


1100 


PO 


Parity is Odd 




P/V=0 


1001 


GE 


Greater than or Equal 


(signed) 


(S xor P/V) =0 


0001 


LT 


Less Than (signed) 




(S xor P/V) =1 


1010 


GT 


Greater Than (signed) 




[Z or (S xor P/V) ]=0 


0010 


LE 


Less than or Equal (signed) 


[Z or (S xor P/V) ]=1 


1111 


UGE 


Unsigned Greater than 


or Equal 


C=0 


0111 


ULT 


Unsigned Less Than 




C=l 


1011 


UGT 


Unsigned Greater Than 




(C or Z) =0 


0011 


ULE 


Unsigned Less than or 


Equal 


(C or Z) =1 



■ Flag changes 






Reset to "0". 


1 


Set to "1". 




No change. 


* 


"0" or "1 " depending on the result of the calculation. 


X 


Indeterminate value. 


p 


Parity result is set. 


V 


Overflow result is set. 
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Register map "r" (minimum mode) 





+ 3 +2 


+ 1 






+ 




UUn 


i i 
X 1 J. 


KWU 


D\if A 

KWA 


U ) 


dah 
KAU 




U4n 




dp n 
KbU 


DDP 

KbL 


n \ 


Dm 
KLU 




Uon 


\ ' / 

— \ i t — 


RDO 


RDE 


0) 


REO 




nru 
ULn 




nun 

KnU 


DUI 

KML 


U ) 


di n 
KLU 




1 nu 


\ « T 

— \ i t — 


D\i/1 

KW1 


DUA 
KWA 


1 ) 


D A 1 
KA1 




1 A u 


X i J- 


DD 1 
Kbl 


nnp 

KbL 


1 ) 


DP 1 

KL 1 




18H 




RD1 


RDE 


1 ) 


RE1 




1CH 


\ ' T 

\ i / 


RH1 


RHL 


1 ) 


RL1 




tun 


\ 1 t 


tVNC 


DU/A 

KWA 


O \ 
L J 


D A 9 
KA<1 




24H 


X 1 J- 


RB2 


RBC 


2 ) 


DPO 

KL£ 




9QU 

con 


\ i T 


Hue 


nnc 

KUt 


o \ 


DO 

Kt£ 




npu 

cLn 


V — i — +■ 


DUO 


DUI 

KnL 


o \ 
C. ) 


D 1 O 

KL£ 




oUn 


V — I — -J- 


DUO. 

KWo 


nun 
KWA 


*3 \ 
>J ) 


nAQ 
KAO 




Q yi u 
o4H 


\ 1 / 


npo 

Kbo 


npr 

KbL 


i> ) 


KLo 




oou 

oon 


Wt ' — 


KUo 


nnc 
KUt 


*a \ 
-J I 


nco 
KtO 




QPU 




nuo 

Kno 


DUI 

KnL 


0. \ 

o 1 


DI ^ 
KLO 




40H 


/ !\ 


KW4 


KWA 


4 ) 


D A A 

KA4 




44H 


/ ' \ 


RB4 


nnr 
KbU 




DC A 

KL4 




48H 


T — 1 — \ 


RD4 


nnc 

KUt 


A \ 
4 ) 


DC A 

Kt4 




4CH 




KH4 


DUI 

KnL 


A \ 
4 ) 


DI A 
KL4 




OUn 


T ' \ 


DMR 


KWA 


R \ 


DA A 
KAO 




54H 




DPR 
KBO 


KBL 


R \ 

o ) 


RTR 
KLO 




58H 




KUO 


KUt 


r a 


DPR 
KtO 




5CH 




DUR 


DUI 

KnL 


r \ 
o ) 


DI R 
KLO 




60H 




KWo 


KWA 


D ) 


DAK 
KAD 




64H 




nnc 

Kbo 


nnr 

KBL 


C \ 
D ) 


DTK 

KLO 




68H 




nnc 
KUO 


nnc 
KUt 


) 


ncc 
KtO 




6CH 




RUfi 
KnO 


QUI 
KnL 


J 


Rl R 
KLO 




70H 




RW7 


RWA 


7 \ 
/ J 


RA7 




74H 




RB7 


RBC 


7 \ 


on 

KL / 




78H 




RD7 


RDE 


7 \ 


RE7 




7CH 




RH7 


RHL 


7) 


RL7 
















DOH 




W 


(W 


A') 


A' 




D4H 




B' 


(B 


C) 


C 




D8H 




D' 


(D 


E') 


E' 




DCH 




H' 


(H 


L' ) 


L' 
















EOH 




W 


(W 


A) 


A 




E4H 




B (B 


C) 


C 




E8H 




D 


(D 


E) 


E 




ECH 




H 


(H 


L) 


L 





BankO 



Bank 1 



Bank 2 



Bank 3 



Bank4 



Bank 5 



Bank 6 



Bank 7 



Previous bank 



Current bank 



QIXH (0 


IX) QIXL <X 


IX> IXH (I 


X) IXL 


QIYH (0 


IY) 0IYL <X 


IY> IYH (I 


Y) IYL 


OIZH (0 


IZ) QIZL <X 


IZ> IZH (I 


Z) IZL 


OSPH (0 


SP) QSPL <X 


SP> SPH (S 


P) SPL 



() : Word register name (16 bits) 

< > : Long word register name (32 bits) 



CPU900-52 



TOSHIBA 



TLCS-900 



Register map "r" (maximum mode) 
+ 3 + 2 



+ 1 



+ 



QWO ( QWA 


0) QAO <XWA 


0> RWO (RWA 


0) RAO 


QBO (QBC 


0) OCO <XBC 


0> RBO (RBC 


0) RCO 


QDO (QDE 


0) QEO <XDE 


0> RDO (RDE 


0) REO 


QHO (QHL 


0) QLO <XHL 


0> RHO (RHL 


0) RLO 


QW1 (QWA 


1) QA1 <XWA 


1> RW1 ( RWA 


1) RA1 


QBl (QBC 


1) QC1 <XBC 


1> RBI (RBC 


1) RC1 


QD1 (QDE 


1) QE1 <XDE 


1> RD1 (RDE 


1) RE1 


QH1 (QHL 


1) QL1 <XHL 


1> RH1 (RHL 


1) RL1 


QW2 ( QWA 


2) QA2 <XWA 


2> RW2 (RWA 


2) RA2 


QB2 (QBC 


2) QC2 <XBC 


2> RB2 (RBC 


2) RC2 


QD2 (QDE 


2) QE2 <XDE 


2> RD2 (RDE 


2) RE2 


QH2 (QHL 


2) QL2 <XHL 


2> RH2 (RHL 


2) RL2 


QW3 (QWA 


3) QA3 <XWA 

1 ——I ^ | 


3> RW3 (RWA 


3) RA3 


QB3 (QBC 


3) QC3 <XBC 


3> RB3 (RBC 


3) RC3 


QD3 (QDE 


3) QE3 <XDE 


3> RD3 (RDE 


3) RE3 


QH3 (QHL 


3) QL3 <XHL 


3> RH3 (RHL 


3) RL3 




































































> 


< ' 
























































■ 1 






BankO 



Bank 1 



Bank 2 



Bank 3 



QW' (Q 


WA') QA' <X 


WA'> W' (W 


A') A' 


OB' (0 


BC) OC <X 


BC> B' (B 


C) C 


OD' (Q 


DE') OE' <X 


DE'> D' (D 


E') E' 


OH' (0 


HL') OL' <X 


HL'> H' (H 


L') L' 










QW (Q 


WA ) OA <X 


WA > W (W 


A ) A 


OB (0 


BC ) QC <X 


BC > B (B 


C ) C 


QD (0 


DE ) QE <X 


DE > D (D 


E ) E 


OH (0 


HL ) OL <X 


HL > H (H 


L ) L 



Previous bank 



Current bank 



QIXH (Q 


IX) QIXL <X 


IX> IXH (I 


X) IXL 


QIYH (Q 


IY) OIYL <X 


IY> IYH (I 


Y) IYL 


OIZH (0 


IZ) QIZL <X 


IZ> IZH (I 


Z) IZL 


OSPH (0 


SP) OSPL <X 


SP> SPH (S 


P) SPL 



() : Word register name (16 bits) 

< > : Long word register name (32 bits) 
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Control register map "cr 
+ 3 

00H 
04H 
08H 
OCH 
10H 
14H 
18H 
1CH 
20H 
24H 
28H 
2CH 



+ 2 



+ 1 



+ 



i <DMA 


S0> 




! <DMA 


Sl> 




! <DMA 


S2> 




! <DMA 


S3> 




! <DMA 


D0> 




: <DMA 


Dl> 




j <DMA 


D2> 




! <DMA 


D3> 




! DMAMO 


(DMA 


CO) 


! DMAM1 


(DMA 


CI) 


! DMAM2 


(DMA 


C2) 


I DMAM3 


(DMA 


C3) 



3CH 
3CH 



<XN !SP> 



(N ISP) 



(INT j NEST) 



() : Word register name (16 bits) 

< > : Long word register name (32 bits) 



DMA 
source 
register 

DMA 

destination 
register 

DMA 

mode/counter 
register 

— I Normal stack 
=5 pointer 
I (only in 90Q,CPU) 

nterrupl Nesting Counter 
(only in 900/L_CPU) 



Execution time 

The number of states in the table of appendix B are shown in bytes, words, or long 
words in order of operand size. Execution time is calculated as follows. 



At 16 MHz oscillation : numberof states x 125 ns 



At 20 MHz oscillation : numberof states x 100 ns 



At 25 MHz oscillation : number of states x 80 ns (Note : only 900/H CPU) 



The number of states is the average value when the program and data memory data 
buses are 16-bit; when buses are 8-bit, the execution time is slower by between 20 to 
40%. 

If the operand of a read or write instruction is a word or long word, add the number of 
adjustment states (the number of additional read/write cycles of the operand) below. For 
the read modify write instruction, add double the number of adjustment states. 



Operand size 


Memory size 


Start address 


Number of 
adjustment states 


Word 


Byte 




+ 2 


Word 


Word 


Even number 





Word 


Word 


Odd number 


+ 2 


Long word 


Byte 




+ 4 


Long word 


Word 


Even number 





Long word 


Word 


Odd number 


+ 2 



The number of states of the SWI/CALL/CALR/RET/RETD/RETI instruction is the 
number in minimum mode. In maximum mode, PUSH /POP for the program counter 
takes 4 bytes; calculate by adding 2 states. 

The TLCS-900 series CPU comes with a built-in 4-byte instruction queue buffer. 
Execution time is approximately 10 to 20% faster than the time calculated according to 
the above conditions. 
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ADC dst, src 

< Add with Carry > 
Operation : dst <— dst + src + C Y 

Description : Adds the contents of dst, src, and carry flag, and transfers the result to dst. 



Details 



Byte 



State Mnemonic 
Word Long word 



Code 



ADC 



ADC 



R,r 



ADC<W> (mem),# 



il 1 


z , z 


1 


1 r 1 


1,0,0,1,0 


1 R 1 



ill 



1 I 1 I°I I 1 I . I 1 



#<7:0> 



#<15:8> 



#<23:16> 



#<31:24> 



4 


4 


6 


ADC 


R, (mem) 


1 


m 


Z | z 


m 


m | m , m 












1 





0,1 








6 


6 


10 


ADC 


(mem), R 


1 


m 


z , z 


m 


m , m , m 












1 





0,1 


1 


,R, 



1 


m 





z 


m , m , m | m 








1 


1 


1,0,0,1 


#<7:0> 


#<15:8> 
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Flags: S Z H V N C 



* 


* 


* 


* 








S = MSB value of the result is set. 

Z = 1 is set if the result is 0, otherwise 0. 

H = 1 is set if a carry from bit 3 to bit 4 occurs as a result of the operation; 

otherwise, 0. If the operand is 32-bit, an undefined value is set. 

V = 1 is set if an overflow occurs as a result of the operation; otherwise, 0. 

N = Cleared to zero. 

C = 1 is set if a carry occurs from the MSB, otherwise 0. 



Execution example : ADCHL,IX 

When the HL register = 2000H, the IX register = 3456H, and the 
carry flag = 1, execution sets the HL register to 5457H. 





2000 







34 5 6 IX register 



1 Carry flag 



5457 HL register 
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ADD dst, src 

< Add > 

Operation : dst <— dst + src 

Description : Adds the contents of dst to those of src and transfers the result to dst. 



Details 



Byte 



State Mnemonic 
Word Long word 



Code 



ADD 



ADD 



R,r 

r,# 



10 ADD 



(mem), R 
ADD<W> (mem), # 



1 l 1 


Z | z 


1 


1 r 1 


1,0,010,0 


1 R 1 



1 , 1 



1,1,0,0,1,0,0,0 



#<7:0> 



#<15:8> 



#<23:16> 



#<31:24> 



4 


4 


6 


ADD 


R, (mem) 


1 


m 


Z | z 


m 


m , m , m 












1 





0,0 





1 R 1 



1 


m 


Z | z 


m 


m , m | m 


1,0,0,0,1 


1 R 1 



1 


m 





z 


m , m | m , m 








1 


1 


1,0,0,0 


#<7:0> 


#<15:8> 
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Flags : S Z H V N C 



* 


* 




* 





* 



S = MSB value of the result is set. 

Z = 1 is set if the result is 0, otherwise 0. 

H = 1 is set if a carry from bit 3 to bit 4 occurs as a result of the operation, 

otherwise 0. If the operand is 32-bit, an undefined value is set. 

V = 1 is set if an overflow occurs as a result of the operation, otherwise 0. 

N = Cleared to zero. 

C = 1 is set if a carry occurs from the MSB, otherwise 0. 



Execution example : ADD HL,IX 

When the HL register = 2000H and the IX register = 3456H, 
execution sets the HL register to 5456H. 





2000 







34 5 6 IX register 



54 5 6 HL register 
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AND dst, src 

< And > 



Operation : dst <- dst AND src 



Description 



Details 
Byte 



Ands the contents of dst and src, then transfers the result to dst. 
(Truth table) 



A 


B 


A and B 














1 





1 








1 


1 


1 



State 
Word 



Mnemonic 



Long word 



Code 



AND 



AND 



R,r 
r,# 



AND<W> (mem), # 



il 1 


z , z 


1 


l r 1 


1,1,0,0,0 


,R , 



1 , 1 



_L_L_L 



1.1,0,0 



^ l 



#<7:0> 



#<15:8> 



#<23:16> 



#<31:24> 



4 


4 


6 


AND 


R, (mem) 


1 


m 


Z | z 


m 


m | m | m 












1 


1 


0.0 








6 


6 


10 


AND 


(mem), R 


1 


m 


Z | z 


m 


m | m | m 












1 


1 


0.0 


1 





1 


m 





z 


m |in |m |m 








1 


1 


1,1,0,0 


#<7:0> 


#<15:8> 
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Flags 



s 


z 


H 


V 


N 


C 


* 


* 


1 


* 









S = MSB value of the result is set. 

Z = 1 is set if the result is 0, otherwise 0. 

H = 1 is set. 

V = 1 is set if a parity of the result is even, if odd. If the operand is 32 bits, an 

undefined value is set. 

N = Cleared to zero. 

C = Cleared to zero. 

Execution example : AND HL,IX 

When the HL register = 7350H and the IX register = 3456H, 
execution sets the HL register to 3050H. 



0111 0011 0101 0000 «- HL register (before execution) 
AND) 0011 0100 0101 QUO <- IX register (before execution) 
0011 0000 0101 0000 <- HL register (after execution) 
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Operation 



ANDCF num, src 

< And Carry Flag > 



C Y «- C Y and src < num > 



Description : Ands the contents of the carry flag and bit num of src, and transfers the 
result to the carry flag. 



Details 



Byte 



State 
Word 



Mnemonic 



Code 



Long word 



Notes 



Flags 



ANDCF 



#4,r 



1,1,0 


z 


1 


1 r 1 


0,0,1,0 


0,0,0,0 


0,0,0,0 


1 * 1 4 1 



4 


4 




ANDCF 


A,r 


1,1,0 


z 


1 


1 r 1 












0,0,1 





1 


0,0,0 



ANDCF 



#3, (mem) 



1 


m 


1 \ 1 


m 


m , m , m 


1,0,0,0,0 


,#3, 







ANDCF 


A, (mem) 


1 


m 


1 1 1 


m , m , m , m 
















1.0 


1,0,0,0 



When bit num is specified by the A register, the value of the lower 4 bits of the A 
register is used as bit num. When the operand is a byte and the value of the lower 

4 bits of bit num is from 8 to 15, the result is undefined. 

5 Z H V N C 



S = No change 

Z = No change 

H = No change 

V = No change 

N = No change 

C = The value obtained by anding the contents of the carry flag and the bit num 
of src is set. 



Execution example: 



ANDCF 6,(100H) 

When the contents of memory address 100 = 01000000B (binary) and 
the carry flag = 1, execution sets the carry flag to 1. 



7 


6 


5 


4 


3 


2 


1 








1 





















Address 100 



- pf| Carry flag (before execution) 
Carry flag (after execution) 
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BIT num, src 

< Bit test > 

Operation : Z flag <— inverted value of src < num > 

Description : Transfers the inverted value of the bit num of src to the Z flag. 



Details 
Byte 



State Mnemonic 
Word Long word 



Code 



BIT 



BIT 



#4,r 



#3, (mem) 



1,1,0 z 


1 


1 r 1 


0,0,1,1 


0,0,1,1 


0,0,0,0 


,#,4, 




1 m 1 , 1 


m 


m , m | m 


1,1,0,0,1 


,#3, 



Flags : S Z H V N C 



X 


* 


1 


X 








S = An undefined value is set. 

Z = The inverted value of src < num > is set. 

H = 1 is set. 

V = An undefined value is set. 

N = Reset to 0. 

C = No change 



Execution example : BIT 5,(100H) 

When the contents of memory address 100 
execution sets the Z flag to 0. 



00100000B (binary), 



7 6 5 4 3 2 1 









1 


















nverted 
Zflag 



Address 100 
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BS1B dst, src 

< Bit Search 1 Backward > 



Operation : dst <— src backward searched value 

Description : Searches the src bit pattern backward (from MSB to LSB) for the first bit set 
to 1 and transfers the bit number to dst. 



Details 

Byte 



State 
Word 



Mnemonic 



Code 



Long word 



BS1B 



A, r 



1 


1 





1 


1 


1 r 1 














1 


1,1,1 



Note : dst in the operand must be the A register; src must be the register in 
words. If no bit set to 1 is found in the searched bit pattern, sets the A 
register to an undefined value and the V flag to 1. 



Flags : S Z H V N C 



S = No change 

Z = No change 

H = No change 

V = 1 is set if the contents of src are all Os (no bit is set to 1), otherwise 0. 

N = No change 

C = No change 



Execution example : BS1B A,IX 

When the IX register = 1200H, execution sets the A register to OCH. 



15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 












1 








1 

















| 









Search for 1. 
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BS1F dst, src 

< Bit Search 1 Forward > 



Operation 
Description 

Details 
Byte 



dst <- src forward searched result 

Searches the src bit pattern forward (from LSB to MSB) for the first bit set to 
1 and transfers the bit number to dst. 



State 
Word 



Mnemonic 



Code 



Long word 



BS1F 



A, r 



1 


1 





1 


1 


1 r 1 














1 


1,1,0 



Note 



dst in the operand must be the A register; src must be a register in words. 
If no bit set to 1 is found in the searched bit pattern, sets the A register to 
an undefined value and the V flag to 1. 



Flags 



S 



H V N 



S = No change 

Z = No change 

H = No change 

V = 1 is set if the contents of src are all 0s (no bit is set to 1), otherwise 0. 

N = No change 

C = No change 



Execution example : BS1F A,IX 

When the IX register = 1200H, execution sets the A register to 09H. 



| 


| 1 | | 


1 


| | | 


| | | | 



IX register 



Search for 1. 
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CALL condition, dst 

< Call subroutine > 



Operation : In minimum mode, if cc is true, then XSP «- XSP - 2,(XSP) <- 16-bit PC, 
PC *- dst. 

In maximum mode, if cc is true, then XSP <- XSP - 4,(XSP) «- 32-bit PC, 
PC <- dst. 

Description : If the operand condition is true, saves the contents of the program counter to 
the stack area and jumps to the program address specified by dst. 

Details : 

State Mnemonic Code 



12 (minimum mode) 
14 (maximum mode) 



14 (maximum mode) 



CALL #16 



CALL #24 



12 (If cc is true, in minimum mode) 
14 (If cc is true, in maximum mode.) 
6 (cc is false.) 



CALL [cc,] mem 



0,0,0,1,1,1^(0 



#<7:0> 



#<15:8> 



#<7:0> 



#<15:8> 



#<23:16> 



, 1 



1 


m 




m 1 m | m | m 


1,1,1,0 


, c , c , 



Flags : S Z H V N C 



S = No change 

Z = No change 

H = No change 

V = No change 

N = No change 

C = No change 

Execution example : CALL 9000H 

When the stack pointer XSP is 100H in minimum mode, executing this 
instruction at memory address 8000H writes the return address 8003H 
(word data) to memory address 0FEH, sets the stack pointer XSP to 
0FEH, and jumps to address 9000H. 
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CALR dst 

< Call Relative > 



Operation : In minimum mode, XSP <^XSP- 2, (XSP) <- 16-bit PC, PC <- dst. 

In maximum mode, XSP «- XSP - 4,(XSP) <- 32-bit PC,PC *- dst. 

Description : Saves the contents of the program counter to the stack area and makes a 
relative jump to the program address specified by dst. 



Details 



State 



Mnemonic 



Code 



12 (minimum mode) CALR $ + 3 + dl6 
14 (maximum mode) 



d<7:0> 



d<15:8> 



Flags 



H V N 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 
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CCF 

< Complement Carry Flag > 

Operation : CY <— inverted value of CY 
Description : Inverts the contents of the carry flag. 



Details 



State 



Mnemonic 



Code 



CCF 



0(0,0,1,0,0,1,0 



Flags 



s 


z 


H 


V 


N 


c 






X 







* 



s = 


No change 


z = 


No change 


H = 


An undefined value is set. 


V = 


No change 


N = 


Reset to 0. 


C = 


Inverted value of itself is set. 



Execution example: When the carry flag = 0, executing CCF sets the carry flag to 1; 
executing CCF again sets the carry flag to 0. 



|~0~| Carry flag (before execution) |TJ Carry flag (before execution) 



Inverted 



Inverted 



j"T~j Carry flag (after execution) j^T| Carry flag (after execution) 
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CHG num, dst 

< Change > 

Operation : dst < num ><- Inverted value of dst < num > 
Description : Inverts the value of bit num of dst. 



Details 
Byte 



State Mnemonic 
Word Long word 



Code 



CHG 



CHG 



#4,r 



#3, (mem) 



1,1,0 z 


1 


1 r 1 


0,0,1,1 


0,0,1,0 


0,0,0,0 


I #,4 , 




1 m 1 , 1 


m 


m , m , m 


1,1,0,0,0 


,#3, 



Flags 



H V N 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 



Execution example: CHG 5,(100H) 

When the contents of memory address 100 = 00100111B (binary), 
execution sets the contents to 00000111B (binary). 









1 


| 


1 | 1 | 1 




Inverted 














1 1 1 



Address 100 (before execution) 
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CP srcl, src2 

< Compare > 



Operation 



srcl — src2 



Description : Compares the contents of srcl with those of src2 and indicates the results in 
flag register F. 



Details 

Byte 



State Mnemonic 
Word Long word 



Code 



CP 
CP 



CP 



r, #3 



r,# 



R, (mem) 



CP<W> (mem),# 



4 


4 


7 


CP 


R,r 


1 , 1 


Z | z 


1 


1 r 1 












1 l 1 


1 l 1 





1 R 1 



1,1,0 


z 


1 


1 r 1 


1,1,0,1,1 


l #3 l 



#<7:0> 



#<15:8> 



#<23:16> 



#<31:24> 



1 


m 


z , z 


m 


m , m | m 


1,1,1,1,0 


1 R 1 



6 


6 


6 


CP 


(mem), R 


l 


m 


Z | z 


m 


m , m , m 












1 


1 


1 \ 1 


1 


1 R 1 



1 


m 





z 


m | m , m | m 








1 


1 


1,1,1,1 


#<7:0> 


#<15:8> 



Note : #3 in operands indicates from to 7. 
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Flags 



H V N 



S = MSB value of the result is set. 

Z = 1 is set if the result is 0, otherwise 0. 

H = 1 is set if a borrow from bit 3 to bit 4 occurs as a result of the operation, 

otherwise 0. If the operand is 32 bits, an undefined value is set. 
V = 1 is set if an overflow occurs as a result of the operation, otherwise 0. 
N = 1 is set. 

C = 1 is set if a borrow occurs from the MSB bit as a result of the operation, 
otherwise 0. 



Execution example: 



CP HL,IX 

When the HL register = 1234H and the IX register = 1234H, 
execution sets the Z and N flags to 1 and clears the S, H, V, and C flags 
to zero. 



e 





1234 







1 2 34 IX register 



000 (Not loaded) 
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CPD srcl, src2 

< Compare Decrement > 



Operation : srcl — src2, BC <-BC — 1 

Description : Compares the contents of srcl with those of src2, then decrements the 
contents of the BC register by 1. srcl must be the A or WA register. src2 
must be in post-decrement register indirect addressing mode. 



Details 
Byte 



State Mnemonic 
Word Long word 



Code 



CPD 



[AAV A, (R-)] 



1 








z 





1 R 1 











1 





1,1,0 



Note : Omitting operands in square brackets [] specifies A,(XHL— ). 



Flags : S Z H V N C 
* * * * ^ _ 

S = MSB value of the result of srcl-src2 is set. 

Z = 1 is set if the result of srcl -src2 is 0, otherwise 0. 

H = 1 is set if a borrow from bit 3 to bit 4 occurs as a result of srcl-src2, otherwise 
0. 

V = is set if the BC register value is after execution, otherwise 1. 

N = lis set. 

C = No change 

Execution example : CPI A,(XIX — ) 

When the XIX register = 00123456H and the BC register = 0200H, 
execution compares the contents of the A register with those of memory 
address 123456H, then sets the XIX register to 00123455H, the BC 
register to 01FFH. 
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CPDR srcl, src2 

< Compare Decrement Repeat > 

Operation : srcl — src2, BC <-BC — 1, Repeat until srcl = src2 or BC = 

Description : Compares the contents of srcl with those of src2. Then decrements the 
contents of the BC register by 1. Repeats until srcl = src2 or BC = 0. srcl 
must be the A or WA register. src2 must be in post-decrement register 
indirect addressing mode. 



Details : 

State Mnemonic Code 
Byte Word Long word 

10 10 - CPDR [A/WA, (R— )] 

(At non-repeat) 

14 14 

(At repeat) 

Note : Omitting operands in square brackets [] specifies A,(XHL — ) . 

Flags : S Z H V N C 
* * * * ^ _ 

S = MSB value of the result of srcl - src2 is set. 

Z = 1 is set if the result of srcl - src2 is 0, otherwise 0. 

H = 1 is set if a borrow from bit 3 to bit 4 occurs as a result of srcl - src2, 
otherwise 0. 

V = is set if the BC register value is after execution, otherwise 1. 
N = lis set. 
C = No change 



1 








z 





l R l 











1 





1,1,1 



Execution example: CPIR A,(XIX-) 

Under the following conditions, execution reads the contents of memory 
addresses 123456H, 123455H, and 123454H. The instruction ends with 
condition BC = and sets the XIX register to 00123453H and the BC 
register to 0000H. 
Conditions : A register = 55H 

XIX register = 00123456H 

BC register = 0003H 

Memory address 123456H = 11H 

Memory address 123455H = 22H 

Memory address 123454H = 33H 
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CPI srcl, src2 

< Compare Increment > 
Operation : srcl-src2,BC <-BC — 1 

Description : Compares the contents of srcl with those of src2, then decrements the 
contents of the BC register by 1. srcl must be the A or WA register. src2 
must be in post-increment register indirect addressing mode. 



Details 
Byte 



State 
Word 



Mnemonic 



Code 



Long word 





CPI 


[A/WA, (R+)] 


1,0,0 


z 





1 R 1 








0,0,0 


1 





1,0,0 



Note : Omitting operands enclosed in square brackets [] specifies A,(XHL + ). 



Flags : S Z H V N C 
* * * * l — 

S = MSB value of the result of srcl-src2 is set. 

Z = 1 is set if the result of srcl-src2 is 0, otherwise 0. 

H = lis set if a borrow from bit 3 to bit 4 occurs as a result of srcl-src2 , otherwise 
0. 

V = is set if the BC register value is after execution, otherwise 1. 

N = 1 is set. 

C = No change 

Execution example : CPI A, (XIX + ) 

When the XIX register = 00123456H and the BC register = 0200H, 
execution compares the contents of the A register with those of memory 
address 123456H, and sets the XIX register to 00123457H and the BC 
register to 01FFH. 



CPU900-73 



TOSHIBA 



TLCS-900 



CPIR srcl, src2 

< Compare Increment Repeat > 



Operation : srcl-src2, BC <- BC — 1, repeat until srcl = src2 or BC = 

Description : Compares the contents of srcl with those of src2. Then decrements the 
contents of the BC register by 1. Repeats until srcl = src2 or BC = 0. srcl 
must be the A or WA register. src2 must be in post-increment register 
indirect addressing mode. 



Details 
Byte 



State 
Word 



Mnemonic 



Code 



Long word 



10 10 




CPIR 


[AAV A, (R+)] 


1,0,0 


z 





,R , 


(At non-repeat) 








0,0,0 


1 





1.0,1 



14 14 
(At repeat) 



Note : Omitting operands in square brackets [ ] specifies A,(XHL + ). 



Flags : S Z H V N C 
* * * * 1 — 

S = MSB value of the result of srcl-src2 is set. 

Z = 1 is set if the result of srcl-src2 is 0, otherwise 0. 

H = 1 is set if a borrow from bit 3 to bit 4 occurs as a result of srcl-src2, otherwise 
0. 

V = is set if the BC register value is after execution, otherwise 1. 

N = 1 is set. 

C = No change 

Execution example: CPIR A,(XIX + ) 

Under the following conditions, execution reads memory addresses 
123456H, 123457H, and 123458H. The instruction ends with condition 
srcl = src2, sets the XIX register to 00123459H and the BC register to 
01FDH. 

Conditions : A register = 33H 

XIX register = 00123456 
HBC register = 0200H 
Memory address 123456H = 11H 
Memory address 123457H = 22H 
Memory address 123458H = 33H 
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CPL dst 

< Complement > 
Operation : dst «- Ones complement of dst 

Description : Transfers the value of ones complement (inverted bit of 0/1) of dst to dst. 



Details : 

State Mnemonic 
Byte Word Long word 



Code 



CPL 



1 


1 





z 


1 


1 r 1 

















1,1,0 



Flags 



s 


z 


H 


V 


N 


C 






1 




1 





s = 


No change 


z = 


No change 


H = 


1 is set. 


V = 


No change 


N = 


1 is set. 


C = 


No change 



Execution example : CPL WA 

When the WA register = 1234H, execution sets the WA register to 



EDCBH. 






0001 0010 0011 


0100 


WA register (before execution 


O ' 


n verted 




1110 1101 1100 


1011 


WA register (after execution) 
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DAA dst 

< Decimal Adjust Accumulator > 



Operation : dst <- decimal adjustment of dst 

Description : Decimal adjusts the contents of dst depending on the states of the C, H, and N 
flags. Used to adjust the execution result of the add or subtract instruction as 
binary-coded decimal (BCD). 



Details 
Byte 



State Mnemonic 
Word Long word 



Code 



DAA 



1 


1 








1 


1 r 1 











1 





0,0,0 



Opera - 
tion 


Nflag 
before 
DAA 
instruction 
execution 


Cflag 
before 
DAA 
instruction 
execution 


Upper 4 
bits of dst 


Hflag 
before 
DAA 
instruction 
execution 


Lower 4 
bits of dst 


Added 
value 


Cflag after 

DAA 
instruction 
execution 










0-9 





0-9 


00 













0-8 





A-F 


06 





ADD 








0-9 


1 


0-3 


06 













A-F 





0-9 


60 


1 


ADC 








9-F 





A-F 


66 


1 










A-F 


1 


0-3 


66 


1 







1 


0-2 





0-9 


60 


1 







1 


0-2 





A-F 


66 


1 







1 


0-3 


1 


0-3 


66 


1 


SUB 


1 





0-9 





0-9 


00 





SBC 


1 





0-8 


1 


6-F 


FA 





NEG 


1 


1 


7-F 





0-9 


AO 


1 




1 


1 


6-F 


1 


6-F 


9A 


1 



Note : Decimal adjustment cannot be performed for the INC or DEC instruction. This is 
because the C flag does not change. 
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Flags : S Z H V N C 

S = MSB value of the result is set. 

Z = 1 is set if the result is 0, otherwise 0. 

H = 1 is set if a carry from bit 3 to bit 4 occurs as a result of the operation, 
otherwise 0. 

V = 1 is set if the parity (number of Is) of the result is even, otherwise 0. 
N = No change 

C = 1 is set if a carry occurs from the MSB as a result of the operation or a carry 
was 1 before operation, otherwise 0. 

Execution example : ADD A,B 
DAA A 

When the A register = 59H and the B register = 13 H, 
execution sets the A register to 72H. 
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DEC num, dst 

< Decrement > 

Operation : dst <- dst — num 

Description : Decrements dst by the contents of num and transfers the result to dst. 
Details : 

State Mnemonic Code 
Byte Word Long word 



4 4 5 DEC #3,r 

6 6 - DEC<W> #3, (mem) 



1 l 1 


Z | z 


1 


1 r 1 


0,1,1,0,1 


,#3, 




1 m 


z 


m 


m | m | m 


0,1,1,0,1 


,#3, 



Note : #3 in operands indicates from 1 to 8; object codes correspond from 1 to 7,0. 

Flags : S Z H V N C 
* * * * 1 — 

S = MSB value of the result is set. 

Z = 1 is set if the result is 0, otherwise 0. 

H = 1 is set if a borrow from bit 3 to bit 4 occurs as a result of the operation, 
otherwise 0. 

V = 1 is set if an overflow occurs as a result of the operation, otherwise 0. 
N = 1 is set. 
C = No change 

Note : With the DEC #3, r instruction, if the operand is a word or a long word, no flags 
change. 

Execution example: DEC 4, HL 

When the HL register = 5678H, execution sets the HL register to 
5674H. 



CPU900-78 



TOSHIBA 



TLCS-900 



Operation 



DECF 

< Decrement Register File Pointer > 



RFP<2:0> ^RFP<2:0>-1 



Description : Decrements the contents of register file pointer RFP <2:0> in the status 
register by 1. In maximum mode, RFP2 is fixed to 0. 



Details 



State 



Mnemonic 



Code 



DECF 



0,0,0,0,1,1,0,1 



Flags : S Z H V N 



S 
Z 
H 
V 
N 
C 



No change 
No change 
No change 
No change 
No change 
No change 



Execution example: DECF 

When the contents of RFP < 2:0 > = 2, execution sets the contents of 
RFP < 2:0 > tol. 



CPU900-79 



TOSHIBA 



TLCS-900 



DI 

< Disable Interrupt > 
This is privileged instruction in 0QOJ3PU. 

Operation : IFF < 2:0 > ^7 

Description : Sets the contents of the interrupt enable flag (IFF) <2:0 > in status register 
to 7. After execution, only non-maskable interrupts (interrupt level 7) can be 
received. 



Details : 

State Mnemonic Code 


















1 


1 




















1 


1 


1 



Flags : S Z H V N C 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 
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DIV dst, src 

< Divide > 



Operation : dst < lower half > <— dst -^src,dst< upper half > <— remainder (unsigned) 

Description : Divides unsigned the contents of dst by those of src and transfers the quotient 
to the lower half of dst, the remainder to the upper half of dst. 



Details 
Byte 



State Mnemonic 
Word Long word 



Code 



22 



30 



DIV 



rr, # 



*For RR, see the following page. 



22 


30 




DIV 


RR, r 


1,1,0 


z 


1 


1 r 1 












0,1,0 


1 





l R l 



1,1,0 


z 


1 


1 r 1 


0,0,0 





1 


0,1,0 


#<7:0> 


#<15:8> 



22 


30 




DIV 


RR, (mem) 


1 


m 





z 


m 


m | m | m 















1 





1 





,R, 



Notes : When the operation is in bytes, dst (lower byte) <— dst (word) src (byte), 
dst (upper byte) <- remainder. 

When the operation is in words, dst (lower word) <— dst (long word) -h src (word), 
dst (upper word) <- remainder. Match coding of the operand dst with the size of the 
dividend. 



Flags : S Z H V N C 









V 







S = No change 

Z = No change 

H = No change 

V = 1 is set when divided by or the quotient exceeds the numerals which can be 

expressed in bits of dst for load; otherwise, is set. 

N = No change 

C = No change 
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Execution example: DIV XIXJY 

When the XIX register = 12345678H and the IY register = 89ABH, 
execution results in a quotient of 21DAH and a remainder of OFDAH, 
and sets the XIX register to 0FDA21DAH. 

Note : : "RR" of the DIV RR,r and DIV RR,(mem) instruction is as listed below. 



Operation size in bytes 
(8 bits <r- 16 bits -r 8 bits) 



RR 


Code "R" 


WA 


001 


BC 


011 


DE 


101 


HL 


111 


IX 




IY 


I Specifica- 


IZ 


r tion not 


possible! 


SP 





Operation size in words 
(16 bits <— 32 bits 4- 16 bits) 


RR 


Code "R" 


XWA 


000 


XBC 


001 


XDE 


010 


XHL 


011 


XIX 


100 


XIY 


101 


XIZ 


110 


XSP 


111 



c 1 When the CPU is in minimum mode, XWA, 
XBC, XDE, and XHL cannot be used. 



"rr" of the DIV rr,# instruction is as listed below. 



Operation size in bytes 
(8 bits <- 16 bits 4- 8 bits) 



rr 


Code "r" 


WA 


001 


BC 


011 


DE 


101 


HL 


111 


IX 


C7H : F0H 


IY 


C7H : F4H 


IZ 


C7H : F8H 


SP 


C7H : FCH 




1st byte 2nd byte 



Any other word registers can be specified 
in the same extension coding as IX to SP. 



Operation size in words 
(16 bits -t- 32 bits -r 16 bits) 



rr 


Code "r" 


XWA 


000 


XBC 


001 


XDE 


010 


XHL 


011 


XIX 


100 


XIY 


101 


XIZ 


110 


XSP 


111 



'3 When the CPU is in minimum mode, XWA, 
XBC, XDE, and XHL cannot be used. 

*4 Any other long word registers can be 
specified in the extension coding. 
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DIVS dst, src 

< Divide Signed > 



Operation : dst < lower half > <— dst src, dst < upper half > <— remainder (signed) 

Description : Divides signed the contents of dst by those of src and transfers the quotient to 
the lower half of dst, the remainder to the upper half of dst. 



Details 

Byte 



State 
Word 



Mnemonic 



Long word 



Code 



24 



Notes 



32 



DIVS 



rr,# 



24 


32 




DIVS 


RR, r 


1,1,0 


z 


1 


1 r 1 












0,1,0 


1 


1 


,R, 



1,1,0 


z 


1 


1 r 1 


0,0,0 





1 


0,1,1 


#<7:0> 


#<15:8> 



24 


32 




DIVS 


RR, (mem) 


l 


m 





z 


m 


m , m , m 















1 





1 


1 


1 R 1 



* For RR, see the following page. 

When the operation is in bytes, dst (lower byte) <— dst (word) src (byte), dst (upper 
byte) <— remainder. 

When the operation is in words,dst (lower word) <— dst (long word) src (word), dst 
(upper word) <— remainder. 

Match coding of the operand dst with the size of the dividend . The sign of the 
remainder is the same as that of the dividend. 



Flags : S Z H V N C 



S = No change 

Z = No change 

H = No change 

V = 1 is set when divided by 0, or the quotient exceeds the value which can be 

expressed in bits of the dst used for loading, otherwise 0. 

N = No change 

C = No change 
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Execution example: DIVS XIX,IY 

When the XIX register = 12345678H and the IY register = 89ABH, 
execution results in the quotient as 16EEH and the remainder as 
D89EH, and sets the XIX register to 16EED89EH. 

Note : "RR" of the DIVS RR,r and DIVS RR,(mem) instruction is as listed below. 

Operation size in words 
(16 bits <— 32 bits -r 16 bits) 



RR Code "R" 

XWA 000 

XBC 001 

XDE 010 

XHL 011 

XIX 100 

XIY 101 

XIZ 110 

XSP 111 

1 When the CPU is in minimum mode, XWA, 
XBC, XDE, or XHL cannot be used. 



Operation size in bytes 
(8 bits <- 16 bits -r 8 bits) 



RR 


Code "R" 


WA 


001 


BC 


011 


DE 


101 


HL 


111 


IX 




IY 


\ Specifica- 




tion not 


IZ 


possible! 


SP 





"rr" of the DIVS rr,# instruction is as listed below. 



Operation size in bytes 
(8 bits <- 16 bits * 8 bits) 



rr 


Code "r" 


WA 


001 


BC 


011 


DE 


101 


HL 


111 


IX 


C7H : F0H 


IY 


C7H : F4H 


IZ 


C7H : F8H 


SP 


C7H : FCH 




1st byte 2nd byte 



*2 Any other word registers can be specified 
in the same extension coding as those for 
IXtoSP. 



Operation size in words 
(1 6 bits <- 32 bits 4-16 bits) 



rr 


Code "x" 


XWA 


000 


XBC 


001 


XDE 


010 


XHL 


011 


XIX 


100 


XIY 


101 


XIZ 


110 


XSP 


111 



*3 When the CPU is in minimum mode, XWA, 
XBC, XDE, or XHL cannot be used. 

*4 Any other long word registers can be 
specified in the extension coding. 
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DJNZ dstl, dst2 

< Decrement and Jump if Non Zero > 
Operation : dstl <- dstl - 1. if dstl 0, then PC <- dst2. 

Description : Decrements the contents of dstl by 1. Makes a relative jump to the program 
address specified by dst2 if the result is other than 0. 



Details: : 

State Mnemonic 
Byte Word Long word 



Code 



11 11 
(dstl^O) 



7 7 
(dstl = 0) 



DJNZ [r,]$ + 3 + d8 



1,1,0 


z 


1 


1 r 1 


0,0,0 


1 


1 


1,0,0 


d<7:0> 



Note : Omitting "r" of the operand in square brackets [ ] is regarded as specifying the B 
register. 



Flags : S Z H V N C 



S = No change 

Z = No change 

H = No change 

V = No change 

N = No change 

C = No change 



Execution example : LOOP: ADD A, A 

DJNZ W, LOOP 
When the A register = 12H and the W register = 03H, execution loops 
three times and sets the A register to 24H-»48->90H and the W register 
to 02H-»01H-^00H. 
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EI num 

< Enable Interrupt > 
This is privileged instruction in 900J3PU. 

Operation : IFF <2:0> <-num 

Description : Sets the contents of the IFF < 2:0 > in the status register to num. After 
execution, the CPU interrupt receive level becomes num. 

Details : 

State Mnemonic Code 



0,0,0,0,0 


1,1,0 


0,0,0,0,0 


,#3, 



Note : A value from to 7 can be specified as the operand value. If the operand is omitted, 
the default value is "0" (EI 0). 

Flags : S Z H V N C 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 
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EX dst, src 

< Exchange > 

Operation : dst src 

Description : Exchanges the contents of dst and src. 



Details 



Byte 



State Mnemonic 
Word Long word 



Code 



EX 



EX 



F, F 



(mem), r 



0,0,0 



5 


5 




EX 


R,r 


1 l 1 


z , z 


1 


1 r 1 












1,0 


h 1 


1 


,R, 



1 


m 


z , z 


m 


m , m | m 


0,0,1,1,0 





1 , o 



Flags 



Z H V N 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 



* Executing EX F,F' changes all flags. 



Execution example: EX A,B 

When the A register = 12H and the B register = 34H, execution sets 
the A register to 34H and the B register to 12H. 



34 B register (before execution) 




12 B register (after execution) 
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EXTS dst 

< Extend Sign > 



Operation 
Description 

Details 
Byte 



dst < upper half > <— signed bit of dst < lower half > 

Transfers (copies) the signed bit (bit 7 when the operand size is a word, bit 15 
when a long word) of the lower half of dst to all bits of the upper half of dst. 



State 
Word 



Mnemonic 



Code 



Long word 



EXTS 



1 1 1 


Z | z 


1 


1 r 1 


OjOjOjI^OjO,!,! 



7 7 : S Z H V N C 



S = No change 

Z = No change 

H = No change 

V = No change 

N = No change 

C = No change 



Execution example : EXTS HL 

When the HL register = 6789H, execution sets the HL register to 
FF89H. 






1 


1 








1 


1 


1 1 








1 








1 


HL register (before execution) 


O 

15 8 7 




1 


1 


1 


1 


1 


1 


1 


1 1 1 1° 








1 








1 


HL register (after execution) 
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EXTZ dst 

< Extend Zero > 



Operation : dst < upper half > <— 

Description : Clears the upper half of dst to zero. Used for making the operand sizes the 
same when they are different. 



Details 
Byte 



State 
Word 



Mnemonic 



Code 



Long word 



EXTZ 



il 1 


Z | z 


1 


1 r 1 


0,0,0,1,0,0,1,0 



Flags : S Z H V N C 



S = No change 

Z = No change 

H = No change 

V = No change 

N = No change 

C = No change 

Execution example: EXTZ HL 

When the HL register = 6789H, execution sets the HL register to 
0089H. 



EXTZ XIX 

When the XIX register = 12345678H, execution sets the XIX register 
to 00005678H. 
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HALT 

< Halt CPU > 
This is privileged instruction in 900J3PU. 

Operation : CPU halt 

Description : Halts the instruction execution. To resume, an interrupt must de received. 
Details : 

State Mnemonic Code 



8 HALT 0,0,0,0,0,1,0,1 



Flags : S Z H V N C 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 
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INC num, dst 

< Increment > 

Operation : dst<— dst + num 

Description : Adds the contents of dst and num and transfers the result to dst. 
Details : 

State Mnemonic Code 
Byte Word Long word 



4 4 4 INC #3,r 

6 6 - INC<W> #3, (mem) 



i. 1 


z , z 


1 


1 r 1 


0,1,1,0,0 


,#3, 




1 m 


z 


m 


m , m | m 


0,1,1,0,0 


,#3, 



Note : #3 in operands indicates from 1 to 8 and object codes correspond from 1 to 7,0. 



Flags 



s 


z 


H 


V 


N 


c 




* 


* 


* 








S = MSB value of the result is set. 

Z = 1 is set if the result is 0, otherwise 0. 

H = 1 is set if a carry occurs from bit 3 to bit 4 as a result of the operation, 
otherwise 0. 

V = 1 is set if an overflow occurs as a result of the operation, otherwise 0. 
N = Cleared to zero. 
C = No change 

Note : With the INC #3,r instruction, if the operand is a word or a long word, no flags 
change. 



Execution exampl : INC 5,WA 

When the WA register = 1234H, execution sets the WA register to 
1239H. 
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INCF 

< Increment Register File Pointer > 



Operation : RFP<2:0> ^RFP<2:0> + 1 

Description : Increments the contents of RFP<2:0> in the status register by 1. In 
maximum mode, RFP2 is fixed to 0. 



Details 



State 



Mnemonic 



Code 



INCF 



0,0,0,0,1,1,0,0 



Flags 



S Z H V N C 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 



Execution example: INCF 

When the contents of RFP<2:0> = 2, execution sets the contents of 
RFP<2:0> to 3. 
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JP condition, dst 

< Jump > 



Operation 



If cc is true, then PC <— dst. 



Description : If the operand condition is true, jumps to the program address specified by 
dst. 



Details 



State 



Mnemonic 



Code 



9 (cc is true) 
6 (cc is false) 



JP #16 



JP #24 



JP 



[cc,] mem 



0,0,0,1,1,0,1,0 



#<7:0> 



#<15:8> 



P. ! ! 1 ! 1 ! ! 1 ! 1 



#<7:0> 



#<15:8> 



#<23:16> 



1 


m 


1 ] 1 


m , m | m | m 


1,1,0,1 


, c , c , 



Flags : S Z H V N C 



S = No change 

Z = No change 

H = No change 

V = No change 

N = No change 

C = No change 



Execution example: JP 2000H 

Execution jumps unconditionally to address 2000H. 
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JR condition, dst 

< Jump Relative > 
Operation : If cc is true, then PC dst. 

Description : If the operand condition is true, makes a relative jump to the program 
address specified by dst. 



Details 



State 



Mnemonic 



Code 



8 (cc is true) 
4 (cc is false) 



JRL [cc,]$ + 3 + dl6 



8 (cc is true) 


JR 


[cc,]$ + 2 + d8 


0,1,1,0 


, c , c , 


4 (cc is false) 






d<7:0> 



1 1 1 1 1 1 1 I c I c I 



#<7:0> 



#<15:8> 



Flags 



H V N 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 



Execution example: JR 2078H 

When this instruction is executed at memory address 2000H, execution 
relative jumps unconditionally to address 2078H. The object code of the 
instruction is 68H : 76H. 
Memory 



JR 



6 8 



7 6 



Address 2000H (Op code) 
Address 2001 H (displacement) 



Address 2078H 
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LD dst, src 

< Load > 



Operation : dst <— src 

Description : Loads the contents of src to dst. 



Details 



Byte 



State Mnemonic 
Word Long word 



Code 



LD 



LD 



LD 



LD 



R, r 



R, # 



r, # 



R, (mem) 



LD<W> (#8), # 



1 , 1 


z , z 


1 


1 r 1 


1,0,0,0,1 


1 R 1 



4 


4 


4 


LD 


r, R 


1 , 1 


Z | z 


1 


1 r 1 












1,0 


0,1 


1 


1 R 1 



4 


4 


4 


LD 


r, #3 


1 , 1 


z , z 


1 


1 r 1 












1,0 


1,0 


1 


,#3, 



z 



z 



#<7:0> 



#<15:8> 



#<23:16> 



#<31:24> 



1 , 1 



1__L 



0,0,0,0,0,0,1,1 



#<7:0> 



#<15:8> 



#<23:16> 



#<31:24> 



1 


m 


z , z 


m 


m , m , m 


0,0,1,0,0 


1 R 1 



4 


4 


6 


LD 


(mem), R 


1 


m 


1 , 1 


m 


m , m , m 















1 


z , z 





1 R 1 



0,0,0,0,1,0 z 



#8 



#<7:0> 
#<15:8> 
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State Mnemonic Code 
Byte Word Long word 



5 6 - LD<W> (mem), # 



1 m 1 | 1 m | m 


m 


m 


| , , | | 


z 





#<7:0> 


#<15:8> 



8 8 - LD<W> (#16), (mem) 



1 


m 





z 


m , m , m . m 











1 


1,0,0,1 


#16<7:0> 


#16<15:8> 



8 8 - LD<W> (mem), (#16) 



1 m 1 | 1 m | m 


m 


m 


, , , 1 , , 1 


z 





#16<7:0> 


#16<15:8> 



Flags : S Z H V N C 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 



Execution example : LD IX, DE 

When the DE register =4567H, execution sets the IX register to 4567H. 



4 


5 


6 7 




Loads 


4 


5 


6 7 



CPU900-96 



TOSHIBA 



TLCS-900 



LDA dst, src 

< Load Address > 

Operation : dst <— src effective address value 
Description : Loads the src effective address value to dst. 



Details 
Byte 



State 
Word 



Mnemonic 



Long word 



Code 



Note 



Flags 



LDA 



R, mem 



1 


m 


1 


1 


m 


m | m | m 


0,0,1 


s 





l R l 



This instruction operates much like the ADD instruction; the difference is that 
dst is specified independently from src. Mainly used for handling the pointer with 
the C compiler. 



S 



H V N 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 



Execution example : LDA XIX, XIY + 33H 

When the XIY register = 00123456H, execution sets the XIX register 
to 00123489H. 



00 123456 



XIY register 



33 displacement 



00 1 23489 XIX register 
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LDAR dst, src 

< Load Address Relative > 
Operation : dst <— src relative address value 

Description : Loads the relative address value specified in src to dst. 
Details : 

State Mnemonic Code 
Byte Word Long word 



11 11 LDAR R,$ + 4 + dl6 



1 


1 


1 


1 



















1 










d<7:0> 


d<15:8> 








1 


s 





1 R 1 



Flags : S Z H V N C 



S = No change 

Z = No change 

H = No change 

V = No change 

N = No change 

C = No change 



Execution example : LDAR XIX, $ + 1345H 

When this instruction is executed at memory address 1000H, execution 
sets the XIX register to 00002345H. $ indicates the start address of the 
instruction. The instruction's object codes are: F3H:13H:41H:13H:34H. 



00001000 $ 



cD"* - 1345 displacement 



00002345 XIX register 
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LDC dst, src 

< Load Control Register > 
This is privileged instruction in 900_CPU. 

Operation : dst <— src 

Description : Loads the contents of src to dst. 



Details : 

State Mnemonic 
Byte "Word Long word 



Code 



8 LDC 



cr, r 



1 


1 


z 


z 


1 


1 r 1 








1 





1 


1,1,0 


cr 



8 LDC 



r, cr 



1 


1 


z 


z 


1 


1 r 1 








1 





1 


1,1,1 


cr 



Flags : S Z H V N C 



S = No change 

Z = No change 

H = No change 

V = No change 

N = No change 

C = No change 



Execution example: LDC DMAC0,WA 

When the WA register = 1234H, execution sets control register 
DMACO to 1234H. 
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LDCF num, src 

< Load Carry Flag > 

Operation : CY <— src < num > 

Description : Loads the contents of bit num of src to the carry flag. 



Details 



Byte 



State 
Word 



Mnemonic 



Long word 



Code 



Notes 



Flags 



LDCF 



#4,r 



LDCF 



LDCF 



#3, (mem) 



A, (mem) 



1,1,0 


z 


1 


1 r 1 


0,0,1,0 


0,0,1,1 


0,0,0,0 


,#, 4 , 



4 


4 




LDCF 


A,r 


1,1,0 


z 


1 


1 r 1 












0,0,1 





1 


0,1,1 



1 


m 


1 1 1 


m 


m | m | m 


1,0,0,1,1 


l #3 l 



1 


m 


1 


1 


m 


m 


m 


m 








1 





1 





1 


1 



When bit num is specified by the A register, the value of the lower 4 bits of the A 
register is used as bit num. When the operand is a byte and the value of the lower 

4 bits of bit num is from 8 to 15, the value of the carry flag is undefined. 

5 Z H V N C 



S = No change 

Z = No change 

H = No change 

V = No change 

N = No change 

C = Contents of bit num of src is set. 



Execution example: LDCF 6, (100H) 

When the contents of memory ad address 100 
execution sets the carry flag to 1. 
4 3 2 1 | 

Address 100 



01000000B (binary), 



7 6 5 



| 1 | 


















|~T] Carry flag 
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LDD dst, src 

< Load Decrement > 



Operation : dst <— src, BC <— BC — 1 

Description : Loads the contents of src to dst, then decrements the contents of the BC 
register by 1. src and dst must be in post-decrement register indirect 
addressing mode. 

Details : 

State Mnemonic Code 
Byte Word Long word 



10 10 - LDD<W> [(XDE-),(XHL-)] 



1 








z 








1 1 1 











1 








1,0 



LDD<W> (XIX-),(XIY-) 



1 








z 





1 





1 











1 








1 






* Coding in square brackets [ ] can be omitted. 



Flags 



H V N 










* 








S = No change 

Z = No change 

H = Cleared to 0. 

V = is set if the BC register value is after execution, otherwise 1. 

N = Cleared to zero. 

C = No change 



Execution example: LDD (XIX-), (XIY-) 

When the XIX register = 00123456H, the XIY register = 00335577H, 
and the BC register = 0700H, execution loads the contents at address 
335577 to address 123456H and sets the XIX register to 123455H, the 
XIY register to 00335576H, and the BC register to 06FFH. 
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LDDR dst, src 

< Load Decrement Repeat > 



Operation : dst *- src, BC -*-BC — 1, Repeat until BC = 

Description : Loads the contents of src to dst, then decrements the contents of the BC 
register by 1. If the result is other than 0, the operation is repeated, src and 
dst must be in post-decrement register indirect addressing mode. 



Details 
Byte 



State 
Word 



Mnemonic 



Code 



Long word 



10 10 




LDDR<W>[(XDE-), (XHL — )] 


1,0,0 


z 


0,0,1,1 


(Non-repeat) 






0,0,0 


1 


0,0,1,1 



14 14 




LDDR<W> (XIX-),(XIY-) 


1,0,0 


z 


0,1,0,1 


(Repeat) 






0,0,0 


1 


0,0,1,1 



* Coding in square brackets [ ] can be omitted. 



Note : Interrupt requests are sampled every time 1 item of data is loaded. 



Flags 



H V N 



















S = 


No change 


Z = 


No change 


H = 


Cleared to zero. 


V = 


Cleared to zero. 


N = 


Cleared to zero. 


C = 


No change 



Execution example : LDDR (XIX - ) , (XI Y - ) 

When the XIX register = 00123456H, the XIY register = 00335577H, 
and the BC register = 0003H, the results of the execution are as 
follows: 

Loads the contents of address 335577H to 123456H. 
Loads the contents of address 335576H to 123455H. 
Loads the contents of address 335575H to 123454H. 
Sets the XIX register to 00123453H. 
Sets the XIY register to 00335574H. 
Sets the BC register to 0000H. 
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LDF num 

< Load Register File Pointer > 
Operation : RFP<2: 0>.<-num 

Description : Loads the num value to the register file pointer RFP<2:0> in status 
register. Since RFP2 is fixed to in maximum mode, when the num value is 
from 4 to 7, RFP is set to from to 3. 

Details : 

State Mnemonic Code 



0,0,0,1,0 


1,1,1 


0,0,0,0,0 


,#3, 



Note : In minimum mode, the operand value can be specified from to 7; in maximum 
mode, from to 3. 

Flags : S Z H V N C 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 
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LDI dst, src 

< Load Increment > 



Operation : dst <- src, BC <- BC - 1 

Description : Loads the contents of src to dst, then decrements the contents of the BC 
register by 1. src and dst must be in post-increment register indirect 
addressing mode. 



Details 
Byte 



State 
Word 



Mnemonic 



Code 



Long word 



10 



10 



LDKW> [(XDE + ) , (XHL + )] 



LDK W XXIX + ) , (XI Y + ) 



1 








z 








1 


1 











1 
















1 








z 





1 





1 











1 















* Coding in square brackets [ ] can be omitted. 



Flags 



H V N 










* 








S = No change 

Z = No change 

H = Cleared to zero. 

V = is set when the BC register value is after execution, otherwise 1. 

N = Cleared to zero. 

C = No change 



Execution example : LDI (XIX + ) , (XI Y + ) 

When the XIX register = 00123456H, the XIY register = 00335577H, 
and the BC register =0700H, execution loads the contents of address 
335577H to 123456H and sets the XIX register to 00123457H, the XIY 
register to 00335578H, and the BC register to 06FFH. 
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LDIR dst, src 

< Load Increment Repeat > 
Operation: dst <— src, BC <— BC — 1, Repeat until BC = 

Description : Loads the contents of src to dst, then decrements the contents of the BC 
register by 1. If the result is other than 0, the operation is repeated, src and 
dst must be in post-increment register indirect addressing mode. 

Details : 

State Mnemonic Code 
Byte Word Long word 



10 10 




LDIR < W > [(XDE + ), (XHL + )] 


1,0,0 


z 


0,0,1,1 


(Non-repeat) 






0,0,0 


1 


0,0,0,1 



14 14 




LDIR<W> (XIX + ),(XIY + ) 


1,0,0 


z 


0,1,0,1 


(Repeat) 






0,0,0 


1 


0,0,0,1 



* Coding in square brackets [ ] can be omitted. 



Note : Interrupt requests are sampled every time 1 item of data is loaded. 



s 


z 


H 


V 


N 


c 


















s = 


No change 


z = 


No change 


H = 


Cleared to zero. 


V = 


Cleared to zero. 


N = 


Cleared to zero. 


C = 


No change 



Execution example : LDIR (XIX + ) , (XIY + ) 

When the XIX register = 00123456H, the XIY register = 00335577H, 
and the BC register = 0003H, execution results as follows: 
Loads the contents of address 335577H to 123456H. 
Loads the contents of address 335578H to 123457H. 
Loads the contents of address 335579H to 123458H. 
Sets the XIX register to 00123459H. 
Sets the XIY register to 0033557AH. 
Sets the BC register to 0000H. 
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LDX dst, src 

< Load eXtract > 

Operation : dst <- src 

Description : Loads the contents of src to dst. The effective code is assigned to this 
instruction every other byte. Used to fetch the code from 8-bit data bus 
memory in 16-bit data bus mode. 

Details : 

State Mnemonic Code 
Byte Word Long word 



9 - - LDX (#8),# 



1 


1 


1 


1,0 


1 


1 


1 











0,0 











#8 











0,0 











# 











0,0 












Note : Even if the second, fourth, or sixth instruction code value is not 00H, the 

instruction operates correctly. 
Flags : S Z H V N C 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 
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Execution example: LDX (6AH), 9CH 

Using the TMP96C141, the example executes the program using an 
EPROM which has an 8-bit data bus. After reset, starts fetching the 
program code in 16-bit data bus mode. When the program starts with 
an external memory with an 8-bit data bus, loads the above instruction 
to the start address, 8000H. Execution writes the 9CH data to the 
control register at address 6AH of the built-in programmable chip 
select/wait controller. As a result, memory addresses 8000H to 
3FFFFFH enters 8-bit data bus OWAIT mode. 



Address latch 



EPROM 



TLCS-900 
(TMP96C141) 



AD8-15 



ADO-7 

ALE 
RD 
CS2 



A15 

I 

A8 

A7 

I 

AO 

D7 

I 

DO 



OE 



CS 



After reset movement 
TLCS-900 EPROM 



F 7 




F 7 


-* 







6 A 


6 A 









9 C 


9 C 


< ? 












Address 8000H 
Address 8001 H 
Address 8002 H 
Address 8003H 
Address 8004H 
Address 8005H 



? indicates code input from pins AD8 to 15. 
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LINK dst, num 

< Link > 



Operation : ( - XSP) <- dst, dst«- XSP, XSP<- XSP + num 

Description : Saves the contents of dst to the stack area. Loads the contents of stack 
pointer XSP to dst. Adds the contents of XSP to those of num (signed) and 
loads the result to XSP. Used for obtaining a local variable area in the stack 
area for -num bytes. 



Details 
Byte 



State 
Word 



Mnemonic 



Code 



Long word 



10 



LINK 



r,dl6 



0,0,0,0,1,1,0,0 
d<7:0> 
d<15:8> 



Flags : S Z H V N C 



S = No change 

Z = No change 

H = No change 

V = No change 

N = No change 

C = No change 



Execution example : 



LINK XIZ, -40H 

When stack pointer XSP = 280H and the XIZ register = 290H, 
execution writes 00000290H (long data) at memory address 27CH and 
sets the XIZ register to 27CH and the stack pointer to XSP 23CH. 



280 H: 
290H: 



my////////, 



/////////////a 



LIN 



UNKL 



<-XSP 
<-XIZ 



23CH: 



27CH: 



<-XSP 



<-XIZ 

• Previous XIZ value 
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MAX 

< Maximum. > 

This instruction doesn't exist in 90OL_CFU. 
This is privileged instruction in 9GQJDPU, 

Operation : Max bit <— 1 

Description : Sets the MAX bit in status register to 1. Changes the CPU operation mode to 
maximum. 



Details : 

State Mnemonic Code 



4 MAX 10,0,0,0,0,1,0,0 



Flags : s Z H V N C 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 



Note : Basically, there is no instruction for changing from maximum to minimum mode. 

However, if it is absolutely necessary, execute either of the following ways but it is 
in system mode only. 

(1) PUSH SR 

RES 3,(XSP + 1) 
POP SR 
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MDEC1 num, dst 

< Modulo Decrement 1 > 



Operation : if (dst mod num) =0 then dst <— dst+ (num — 1) else dst <— dst— 1. 

Description : When the modulo num of dst is 0, increments dst by num -1 . 

Otherwise, decrements dst by 1. Used to operate pointers for cyclic memory 
table. 



Details 
Byte 



State 
Word 



Mnemonic 



Code 



Long word 



Note 
Flags 



MDEC1 



1,1,0,1,1 


1 r 1 


0,0,1,1,1 


1,0,0 


#<7:0>- 


-1 


#<15:8> 



The operand # must be 2 to the nth power, (n = 1 to 15) 
S Z H V N C 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 



Execution example: Decrements the IX register by cycling from 1230H to 1237H. 
MDEC1 8, IX 

When the IX register = 1231H, execution sets the IX register to 
1230H. Further execution increments the IX register by 8-1 and sets 
the IX register to 1237H, since the IX register modulo 8 = 0. 



Address 1230H 



Address 1237H 
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MDEC2 num, dst 

< Modulo Decrement 2 > 

Operation : if (dst mod num) =0 then dst «— dst+ (num — 2) else dst <— dst — 2. 

Description : When the modulo num of dst is 0, increments dst by num — 2. 

Otherwise, decrements dst by 2. Used to operate pointers for cyclic memory 
table. 

Details : 

State Mnemonic Code 
Byte Word Long word 



7 - MDEC2 #,r 



1,1,0,1,1 


1 r 1 


0,0,1,1,1 


1,0,1 


#<7:0>- 


-2 


#<15:8> 



Note : The operand # must be 2 to the nth power, (n = 2 to 15) 
Flags : S Z H V N C 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 



Execution example : Decrements the IX register by cycling from 1238H to 123FH. 
MDEC2 8,IX 

When the IX register = 123AH, execution sets the IX register to 
1238H. Further execution increments the IX register by 8-2 and sets 
the IX register to 123EH, since the IX register modulo 8 = 0. 




Address 1238H 



Address 123FH 
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MDEC4 num, dst 

< Modulo Decrement 4 > 

Operation : if (dst mod num) = then dst-*- dst + (num — 4) else dst«— dst — 4. 

Description : When the modulo num of dst is 0, increments dst by num — 4. Otherwise, 
decrements dst by 4. Used to operate pointers for cyclic memory table. 



Details 
Byte 



State 
Word 



Mnemonic 



Long word 



Code 



MDEC4 



Note 
Flags 



#,r 



1,1,0,1,1 


1 r 1 


0,0,1,1,1 


1,1,0 


#<7:0>- 


_4 


#<15:8> 



The operand # must be 2 to the nth power, (n = 3 to 15) 
S Z H V N C 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 



Execution example : Decrements the IX register by cycling from 1280H to 12FFH. 
MDEC4 80H,IX 

When the IX register = 1284H, execution sets the IX register to 
1280H. Further execution increments the IX register by 80H — 4 and 
sets the IX register to 12FCH, since the IX register modulo 80H = 0. 



Address 1280 H 



Address 12FFH 
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MIN 

< Minimum > 
This instruction doesn't exist in 900_CPU. 

Operation : Max bit <— 

Description : Sets the MAX bit in status register to 0. Changes the CPU operation mode to 
minimum. 



Details 



State 



Mnemonic 



Code 



MIN 



0)0,0,0,0^,0,0 



Flags 



H V N C 



S 
Z 
H 
V 
N 
C 



No change 
No change 
No change 
No change 
No change 
No change 



Note : Basically, there is no instruction for changing from minimum to maximum mode. 
However, if it is absolutely necessary, execute either of the following two ways. 

(1) PUSH SR 

SET 3,(XSP + 1) 



POP 

(2) SWI 



SR 



• SET 3,(XSP + 1) I At address 8000H + nX4H 
RETI f(n = 0to7) 



CPU900-113 



TOSHIBA 



TLCS-900 



MINC1 num, dst 

< Modulo Increment 1 > 



Operation : if (dst mod num) = (num — 1) then dst <- dst— (num — 1) else dst«-dst+l. 

Description : When the modulo num of dst is num — 1 , decrements dst by num — 1 . 

Otherwise, increments dst by 1. Used to operate pointers for cyclic memory 
table . 



Details 
Byte 



State 
Word 



Mnemonic 



Code 



Long word 



MINC1 



#,r 



1,1,0,1,1 


1 r 1 


0,0,1,1,1 


0,0,0 


#<7:0>- 


-1 


#<15:8> 



Note 
Flags 



: The operand # must be 2 to the nth power, (n = 1 to 15) 
: S Z H V N C 



S = No change 

Z = No change 

H = No change 

V = No change 

N = No change 

C = No change 



Execution example: Increments the IX register by cycling from 1200H to 1207H. 
MINC1 8, IX 

When the IX register = 1206H, execution sets the IX register to 
1207H. Further execution decrements the IX register by 8 — 1 and sets 
the IX register to 1200H, since the IX register modulo 8 = 8 — 1. 




Address 1200H 



Address 1207H 
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MINC2 num, dst 

< Modulo Increment 2 > 

Operation : if (dst mod num) = (num— 2) then dst <— dst— (num — 2) else dst-*— dst + 2. 

Description : When the modulo num of dst is num — 2, decrements dst by num — 2. 

Otherwise, increments dst by 2. Used to operate pointers for cyclic memory 
table. 

Details : 

State Mnemonic Code 
Byte Word Long word 



8 - MINC2 #,r 



1,1,0,1,1 


1 r 1 


0,0,1,1,1 


0,0,1 


#<7:0>- 


-2 


#<15:8> 



Note : The operand # must be 2 to the nth power, (n = 2 to 15) 
Flags : S Z H V N C 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 



Execution example : Increments the IX register by cycling from 1230H to 1237H. 
MINC2 8,IX 

When the IX register = 1234H, execution sets the IX register to 
1.236H. Further execution decrements the IX register by 8 — 2 and sets 
the IX Register to 1230H, since the IX register modulo 8 = 8 — 2. 




Address 1230H 



Address 1237H 
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MINC4 num, dst 

< Modulo Increment 4 > 

Operation : if (dst mod num) = (num — 4) then dst <- dst— (num — 4) else dst <- dst + 4. 

Description : When the modulo num of dst is num — 4, decrements dst by num — 4. 

Otherwise, increments dst by 4. Used to operate pointers for cyclic memory 
table. 

Details : 

State Mnemonic Code 
Byte Word Long word 



8 - MINC4 #,r 



1,1,0,1,1 


1 r 1 


0,0,1,1,1 


0,1,0 


#<7:0>- 


-4 


#<15:8> 



Note : The operand # must be 2 to the nth power, (n = 3 to 15) 
Flags : S Z H V N C 



s = 


No change 


z = 


No change 


H - 


No change 


V = 


No change 


N = 


No change 


C = 


No change 



Execution example : Increments the IX register by cycling from 1240H to 127FH. 
MINC4 40H,IX 

When the IX register = 1278H, execution sets the IX register to 
127CH. Further execution decrements the IX register by 40H — 4 and 
sets the IX register to 1240H, since the IX register modulo 40H = 
40H-4. 




Address 1240H 



Address 127FH 
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MIRR dst 

< Mirror > 

Operation : dst<MSB:LSB>«- dst<LSB : MSB> 

Description : Mirror-exchanges the contents of dst using the bit pattern image. 
Details : 

State Mnemonic Code 
Byte Word Long word 



4 - MIRR 



1 


1 


0,1 


1 


1 r 1 








0,1 





1,1,0 



Flags : S Z H V N C 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 



Execution example: MIRR HL 

When the HL register = 0001 0010 0011 0100B (binary), execution sets 
the HL register to 0010 1100 0100 1000B (binary). 



151413121110 9 8 7 6 5 4 3 2 1 









1 








1 


| | 1 


1 





1 








HL register (before execution) 









1 





1 


1 





10 





1 











HL register (after execution) 
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MUL dst, src 

< Multiply > 
Operation : dst <— dst < lower half > X src (unsigned) 

Description : Multiplies unsigned the contents of lower half of dst by those of src and loads 
the result to dst. 

Details : 

State Mnemonic Code 
Byte Word Long word 



18 26 - MUL RR,r 

18 26 - MUL rr,# 

18 26 - MUL RR,(mem) 



1,1 ,0_ 


z 


1 


1 r 1 


, 1 , , , 


1 R 1 




1,1,0 


z 


1 


1 r 1 


0,0,0,0, 110,0,0 


# <7:0> 


# <15:8> 




1 m 


z 


m 


m | m , m 


0,1,0,0,0 


1 R 1 



Note : When the operation is in bytes, dst (word) <— dst (byte) X src (byte). 

When the operation is in words, dst (long word) <— dst (word) X src (word). 
Match coding of the operand dst with the size of the result . 

Flags : S Z H V N C 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 



Execution example: MUL XIX, I Y 

When the IX register = 1234H and the IY register = 89ABH, 
execution multiplies unsigned the contents of the IX register by those of 
the IY register and sets the XIX register to 09C9FCBCH. 
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Note : "RR" for the MUL RR,r and MUL RR,(: 



Operation size in bytes 
(1 6bits <— 8bits x 8bits) 



RR 


Code R 


WA 


001 


BC 


011 


DE 


101 


HL 


111 


IX 




IY 


I Specifica- 




/■ tion not 


iz 


possible! 


SP 





instructions is as listed below: 



Operation size in words 
(32bits<r- 16bitsx 16bits) 



RR 


Code R 


XWA 


000 


XBC 


001 


XDE 


010 


XHL 


011 


XIX 


100 


XIY 


101 


XIZ 


110 


XSP 


111 



*1 When the CPU is in minimum mode, XWA, 
XBC, XDE, or XHL cannot be used. 



"rr" for the MUL rr,# instruction is as listed below. 



Operation size in bytes 
(16bits<-8bitsx8bits) 



Operation size in words 
(32bits<- 16bitsx 16bits) 



rr 


Code r 


WA 


001 


BC 


011 


DE 


101 


HL 


111 


IX 


C7H : F0H 


IY 


C7H : F4H 


IZ 


C7H : F8H 


SP 


C7H : FCH 




1st byte 2nd byte 



k 2 Any other word registers can be 
specified in the same extension 
coding as those for IX to SP. 



rr 


Code r 


XWA 


000 


XBC 


001 


XDE 


010 


XHL 


011 


XIX 


100 


XIY 


101 


XIZ 


110 


XSP 


111 



"3 When the CPU is in minimum mode, 
XWA, XBC, XDE, or XHL cannot be used. 

*4 Any other long word registers can be 
specified in the extension coding. 
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MULA dst 

< Multiply and Add > 



Operation 
Description 

Details 
Byte 



dst <- dst + (XDE) X (XHL), XHL*- XHL -2 



Multiplies signed the memory data (16 bits) specified by the XDE register by 
the memory data (16 bits) specified by the XHL register . Adds the result (32 
bits) to the contents of dst (32 bits) and loads the sum to dst (32 bits). Then, 
decrements the contents of the XHL register by 2. 



State 
Word 



Mnemonic 



Code 



Long word 



31 



MULA 



1 


1 


0,1,1 


1 r 1 








0,1,1 


0,0,1 



Note 
Flags 



Match coding of the operand dst with the operation size (long word). 
S Z H V N C 



S = MSB value of the result is set. 

Z = 1 is set when the result is 0, otherwise 0. 

H = No change. 

V = 1 is set when an overflow occurs as a result, otherwise 0. 

N = No change. 

C = No change. 

Execution example: MULA XIX 

Under the following conditions, execution sets the XIX register to 
4795FCBCH and the XHL register to 1FEH. 

Conditions: XIX register = 50000000H 
XDE register = 100H 
XHL register = 200H 

Memory data (word) at address 100H = 1234H 
Memory data (word) at address 200H = 89ABH 



(XDE) 



1 234 



89 AB 



(XHL) 



500 00 







4795 FCB C 





XIX register 
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MULS dst, src 

< Multiply Signed > 
Operation : dst •«— dst < lower half > X src (signed) 

Description : Multiplies signed the contents of the lower half of dst by those of src and 
loads the result to dst. 

Details : 

State Mnemonic Code 
Byte Word Long word 



18 26 - MULS RR, r 

18 26 - MULS rr, # 

18 26 - MULS RR,(mem) 



1,1,0 


z 


1 


1 r [ 


0,1,0,0,1 


1 R 1 




1.1.0 


z 


1 


1 r 1 


0,0,0,0,1,010,1 


# <7:0> 


# <15:8> 




1 m 


z 


m 


m , m , m 


0,1,0,0,1 


1 R 1 



Note : When the operation is in bytes, dst(word) <— dst (byte) X src (byte). 

When the operation is in words, dst (long word) <— dst (word) X src (word). 
Match coding of the operand dst with the size of the result . 

Flags : S Z H V N C 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 



Execution example: MULS XIX, I Y 

When the IX register = 1234H and the IY register = 89ABH, 
execution multiplies signed the contents of the IX register by those of 
the IY register and sets the XIX register to F795FCBCH. 
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Note : "RR" for the MULS RR,r and MULS RR,(mem) instructions is as listed below: 



Operation size in bytes 
(1 6bits<— 8bits x 8bits) 



Operation size in words 
(32bits<-16bitsx 16bits) 



RR 


Code R 




RR 


Code R 


WA 


001 




XWA 


000 


BC 


011 




XBC 


001 


DE 


101 




XDE 


010 


HL 


111 




XHL 


011 


IX 






XIX 


100 


IY 


I Specifica- 




XIY 


101 




tion not 








IZ 


possible! 




XIZ 


110 


SP 






XSP 


111 



k 1 When the CPU is in minimum mode, XWA, 
XBC, XDE, or XHL cannot be used. 



"rr" for the MULS rr,# instruction is as listed below. 



Operation size in bytes 
(16bits<-8bitsx8bits) 



Operation size in words 
(32bits<-16bitsx 16bits) 



rr 


Code r 


WA 


001 


BC 


011 


DE 


101 


HL 


111 


IX 


C7H : F0H 


IY 


C7H : F4H 


IZ 


C7H : F8H 


SP 


C7H : FCH 




1st byte 2nd byte 



fc 2 Any other word registers can be 
specified in the same extension 
coding as those for IX to SP. 



rr 


Code r 


XWA 


000 


XBC 


001 


XDE 


010 


XHL 


011 


XIX 


100 


XIY 


101 


XIZ 


110 


XSP 


111 



*3 When the CPU is in minimum mode, XWA, 
XBC, XDE, or XHL cannot be used. 

*4 Any other long word registers can be 
specified in the extension coding. 
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Operation 



NEG dst 

< Negate > 



dst <— — dst 



Description : Decrements by the contents of dst and loads the result to dst. 
(Twos complement) 



Details 
Byte 



State 

Word Long word 



Mnemonic 



Code 



NEG 



1 


1,0 


z 


1 


1 r 1 





0,0 








1.1.1 



Flags 



H V N 



S = MSB value of the result is set. 

Z = 1 is set when the result is 0, otherwise 0. 

H = 1 is set when a borrow from bit 3 to bit 4 occurs as a result, otherwise 0. 

V = 1 is set when an overflow occurs as a result, otherwise 0. 

N = 1 is set. 

C = 1 is set when a borrow from the MSB occurs as a result, otherwise 0. 



Execution example: NEG IX 

When the IX register 
FFFEH. 



= 0002H, execution sets the IX register to 





0000 







0^ 2 IXregiste 



FFFE IX register 
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NOP 

<No Operation > 

Operation : None. 

Description : Does nothing but moves execution to the next instruction. The object code of 
this instruction is 00H. 



Details : 

State Mnemonic Code 



2 NOP 10,0,0,0,0,0,0,0 



Flags : s Z H V N C 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 
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NORMAL 

< Normal > 

This instruction doesn't exist in 900/L and 900/H CPU. 
This is privileged instruction in 900 CPU, 

Operation : SYSM bit *-0 

Description : Resets the SYSM bit in status register to and changes the CPU to normal 
mode. 

Details : 

State Mnemonic Code 



4 NORMAL 0,0,0,0,0,0,0,1 



Flags : s Z H V N C 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 



Note : Basically, only the software interrupt (SWI) instruction changes the mode from 
normal to system by software. The following change the mode : 

(1) SWI 

(2) Privilege violation interrupt 

(3) Illegal instruction interrupt 

(4) Hardware interrupt 

(5) Reset 

The SWI instruction is used to change the mode to system in the middle of program 
execution, as shown below. 

SWI n ,^SET 7, (XSP+l)\At address 8000H + nXlOH 

I , RETI ( (n = to 7) 
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OR dst, src 

< Logical OR > 



Operation : dst<— dst OR src 

Description : Ors the contents of dst with those of src and loads the result to dst. 
(Truth table) 



Details 
Byte 



A B 


A OR B 




1 

1 
1 1 



1 
1 
1 



State 
Word 



Mnemonic 



Long word 



Code 



OR 
OR 



R,r 



10 OR 



(mem), R 



OR<W> (mem),# 



i. 1 


z , z 


1 


1 r 1 


1,1,1,0,0 


1 R 1 



ill 



1 1 I 



1 , 1 



P. ! 1 ! 1 ! 1 ! 



#<7:0> 



#<15:8> 



#<23:16> 



#<31:24> 



4 


4 


6 


OR 


R, (mem) 


1 


m 


Z | z 


m 


m , m , m 












1 


1 


1.0 





1 R 1 



1 


m 


Z | z 


m 


m , m | m 


1,1,1,0,1 


1 R 1 



1 


m 





z 


m | m | m | m 








1 


1 


1,1,1,0 


#<7:0> 


#<15:8> 
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Flags : S Z H V N C 



* 


* 





* 









S = MSB value of the result is set. 

Z = 1 is set when the result is 0, otherwise 0. 

H = is set. 

V = 1 is set when the parity (number of Is) of the result is even, when odd. 

When the operand is 32-bit, an undefined value is set. 

N = Cleared to 0. 

C = Cleared to 0. 



Execution example : OR HL, IX 

When the HL register = 7350H and the IX register is 3456H, execution 
sets the HL register to 7756H. 

0111 0011 0101 0000 <- HL register (before execution) 
OR ) 0011 0100 0101 QUO <- IX register (before execution) 
0111 0111 0101 0110 <- HL register (after execution) 
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ORCF num, src 



Operation 
Description 

Details 
Byte 



CY 



< OR Carry Flag > 
CY OR src < num > 



Ors the contents of the carry flag with those of bit num of src and loads the 
result to the carry flag. 



State 

Word 



Mnemonic 



Code 



Long word 



ORCF 



#4,r 



1,1,0 


z 


1 


1 r 1 


0,0,1,0 


0,0,0,1 


0,0,0,0 


1*1*1 



4 


4 




ORCF 


A,r 


1,1,0 


z 


1 


1 r 1 












0,0,1 





1 


0,0,1 



ORCF 



ORCF 



#3, (mem) 



A, (mem) 



1 


m 


1 \ 1 


m 


m | m | m 


1,0,0,0,1 


l #3 l 



1 


m 


1 l 1 


m , m , m , m 


OiOiIiOiIiOiO,! 



Note 



flag 



When bit num is specified by the A register, the value of the lower 4 bits of the A 
register is used as bit num. When the operand is a byte and the value of the lower 
bits of bit num is from 8 to 15, the result is undefined. 

S Z H V N C 



S = No change 

Z = No change 

H = No change 

V = No change 

N = No change 

C = The result of or-ing the contents of the carry flag with those of bit num of src 
is set. 



Execution example: ORCF 6,(100H) 

When the contents of memory at address 100H = 01000000B (binary) 
and the carry flag= 0, execution sets the carry flag to 1. 
7 6 5 4 3 2 1 






1 





















- fb~| Carry flag (before execution) 
- pf| Carry flag (after execution) 
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PAA dst 

< Pointer Adjust Accumulator > 



Operation : if dst <LSB> = 1 then dst <-dst+l 

Description : Increments dst by 1 when the LSB of dst is 1. Does nothing when the LSB of 
dst is 0. 

Used to make the contents of dst even. With the TLCS-900 series, when 
accessing 16- or 32-bit data in memory, if the data are loaded from an address 
starting with an even number, the number of bus cycles is 1 less than that of 
the data loaded from an address starting with an odd number. 



Details 
Byte 



State 
Word 



Mnemonic 



Code 



Long word 



PAA 



il 1 


z , z 


1 


1 r 1 


0,0,0,1,0,1,0,-0 



Flags : S Z H V N C 



S = No change 

Z = No change 

H = No change 

V = No change 

N = No change 

C = No change 



Execution example: PAA XIZ 

When the XIZ register = 00234567H, execution increments the XIZ 
register by 1 so that it becomes 00234568H. 
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POP dst 

< Pop > 



Operation 



dst«-(XSP + ) 



In bytes : dst^(XSP), XSP<-XSP+ 1 
In words : dst<-(XSP), XSP<-XSP + 2 
In long words : dst^(XSP), XSP^XSP + 4 



Description : First loads the contents of memory address specified by the stack pointer 
XSP to dst. Then increments the stack pointer XSP by the number of bytes 
in the operand. 



Details 



Byte 



State 
Word 



Mnemonic 



Long word 



Code 



POP 
POP 



POP r 
POP<W> (mem) 



, ,0,1,1, ,0,1 



4 


6 


POP 


R 


0,1,0 


s 


1 


1 R 1 



P. ! 1 ! ! 1 



1 


1 


z 


z 


1 


1 r 1 

















1,0,1 



1 


m 


1 \ 1 


m | m 


m 


m 


10,0,0,0,1 


z 






Flags : S Z H V N C 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 



(Note) Executing POP F changes all flags. 
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Execution example : POP IX 

When the stack pointer XSP = 0100H, the contents of address 100H 
= 56H, and the contents of address 101H = 78H, execution sets the 
IX register to 7856H and the stack pointer XSP to 0102H. 



IX register 



Memory 



78 



56 



56 Address 100H (stack pointer before execution) 
"78 | Address 101 H 

Address 102H (stack pointer after execution) 
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POP SR 

< Pop SR > 
This is privileged instruction in 900 CPU. 

Operation : SR^(XSP + ) 

Description : Loads the contents of the address specified by the stack pointer XSP to status 
register. Then increments the contents of the stack pointer XSP by 2. 



Details 
Byte 



State 
Word 



Mnemonic 



Code 



Long word 



POP 



SR 



0,0,0,0,0,0^,1 



Flags 



s 


z 


* 


* 


s 


= 


z 




H 




V 




N 




C 


= J 



H V N 



> Contents of the memory address specified by the stack pointer XSP are set. 



Note : The timing for executing this instruction is delayed by several states than that for 
fetching the instruction. This is because an instruction queue (4 bytes) and 
pipeline processing method is used. 

Note, when changing from the system area to the normal area using this 
instruction, that the access area of the instruction code immediately after this 
instruction is used as the access area before execution of this instruction. The 
figure below is an example. 



POP SR 
Instruction 1 
Instruction 2 



System area 



Normal area 
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Operation 
Description 

Details 
Byte 



PUSH SR 

<Push SR> 
This is privileged instruction in 900 CPU. 

(-XSP)^-SR 

Decrements the contents of the stack pointer XSP by 2. Then loads the 
contents of status register to the memory address specified by the stack 
pointer XSP. 



State 
Word 



Mnemonic 



Code 



Long word 



PUSH 



SR 



0,0,0,010,0,1,0 



Flags : s Z H V N C 



S = No change 

Z = No change 

H = No change 

V = No change 

N = No change 

C = No change 
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Operation : ( — XSP) <— src 



PUSH src 

< Push > 



In bytes : XSP^XSP - 1, (XSP)^src 
In words : XSP^XSP - 2 , (XSP) <-src 
In long words : XSP^XSP-4, (XSP)^src 



Description : Decrements the stack pointer XSP by the byte length of the operand. 

Then loads the contents of src to the memory address specified by the stack 
pointer XSP. 



Details 



Byte 



State Mnemonic 
Word Long word 



Code 



PUSH 
PUSH 



F 
A 



PUSH 



PUSH<W> # 



PUSH<W> (mem) 



0,0, ,1,1, ,0,0 



3 


5 


PUSH 


R 


0,0,1 


s 


1 


1 R 1 



1 


1 


z 


z 


1 


1 r 1 

















1,0,0 



#<7:0> 



#<15:8> 



0,0, ,0,1, z 1 



1 


m 





z 


m , m , m , m 














0,1,0,0 



Flags 



H V N 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 
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Execution example: PUSH HL 

When the stack pointer XSP = 0100H and the HL register = 1234H, 
execution changes address OOFEH to 34H, address OOFFH to 12H, and 
sets the stack pointer XSP to OOFEH. 



Memory 



12 34 






34 




12 









Address OFEH (stack pointer after execution) 
Address OFFH 

Address 100H (stack pointer before execution) 
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RCF 

< Reset Carry Flag > 

Operation : CY <- 

Description : Resets the carry flag to 0. 

Details : 

State Mnemonic Code 

2 RCF 10,0,0,1,0,0,0 



Flags 



H V N 



















s = 


No change 


z = 


No change 


H = 


Reset to 0. 


V = 


Reset to 0. 


N = 


No change 


C = 


Reset to 0. 
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RES num, dst 

< Reset > 



Operation : dst <num> <— 
Description : Resets bit num of dst to 0. 



Details 



Byte 



State Mnemonic 
Word Long word 



Code 



RES 



RES 



#4,r 



#3, (mem) 



1,1,0 z 


1 


1 r 1 


0,0,1,1 


0,0,0,0 


0,0,0,0 


,#,4, 




1 m 1 , 1 


m 


m , m , m 


1,0,1,1,0 


l #3 l 



Flags : S Z H V N C 



S = No change 

Z = No change 

H = No change 

V = No change 

N = No change 

C = No change 



Execution example: 



RES 5,(100H) 

When the contents of memory at address 100H = 00100111B (binary), 
execution sets the contents to 00000111B (binary). 



7 6 5 4 3 2 1 

















1 


1 


1 



Address 100 



Loads 
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RET condition 

< Return > 



Operation : In minimum mode : If cc is true, then the 16-bit PC <- (XSP), 

XSP^XSP + 2. 
In maximum mode : If cc is true, then the 32-bit PC <- (XSP) , 
XSP <- XSP + 4. 

Description : Pops the return address from the stack area to the program counter when the 
operand condition is true. 

Details : 

State Mnemonic Code 



9 (minimum mode) RET 

11 (maximum mode) 

12 (cc is true, in minimum mode) RET 
14 (cc is true, in maximum mode) 

6 (cc is false) 



0,0,0,0(1,1)1,0 



1,0,1,1 


0,0,0,0 


1,1,1,1 


1 C | C | 



Flags : S Z H V N C 



S = No change 

Z = No change 

H = No change 

V = No change 

N = No change 

C = No change 



Execution example : RET 

When the stack pointer XSP = 0FEH and the contents of memory at 
address 0PEH = 9000H (word data) in minimum mode, execution sets 
the stack pointer XSP to 100H and jumps (returns) to address 9000H. 
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RETD num 

< Return and Deallocate > 



Operation 



Description 



In minimum mode : 16-bit PC <- (XSP), XSP ^ XSP + 2, XSP ^- XSP + num 
In maximum mode : 32-bit PC <- (XSP), XSP <- XSP + 4, XSP <- XSP + num 



Pops the return address from the stack area to the program counter, 
increments the stack pointer XSP by signed num. 



Then 



Details 



State 



Mnemonic 



Code 



9 (minimum mode) 
11 (maximum mode) 



RETD dl6 



0,0,0,0 



d<7:0> 



d<15:8> 



Flags 



H V N 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 



Execution example: 



RETD 8 

When the stack pointer XSP = OFEH and the contents of memory at 
address OFEH = 9000H (word data) in minimum mode, execution sets 
the stack pointer XSP to OFEH + 2 + 8 -»■ 108H and jumps (returns) to 
address 9000H. 

Usage of the RETD instruction is shown below. In this example, the 8- 
bit parameter is pushed to the stack before the subroutine call. After 
the subroutine processing complete, the used parameter area is deleted 
by the RETD instruction. 



PUSH WA 

PUSH BC 

PUSH XIX 

CALL SAMPLE 




SAMPLE : 



RETD 8 
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RETI 

< Return from Interrupt > 
This is privileged instruction in 900 CPU. 

Operation : In minimum mode : 2-byte Temp <- (XSP), 16-bit PC <- (XSP + 2), 

SR^-Temp, XSP <- XSP + 4 
In maximum mode : 2-byte Temp «- (XSP), 32-bit PC <- (XSP + 2), 
SR <- Temp, XSP <- XSP + 6 

After the above operation is executed, the 900/L and 900/H CPU decrement a 
value of interrupt nesting counter 1NTNEST by L. 

Description : Pops data from the stack area to the 2-byte Temp register and program 
counter. Next, loads the contents of the Temp register to status register. 

After the above operation is executed, the 900/L and 900/1 L CPU decrement a 
value of interrupt nesting counter 1NTN EST by 1 . 



Note 



The reason that data is not popped to status register directly from the stack 
area is to avoid changing the mode from normal to system while reading the 
stack area where the RETI instruction is being executed. 



Details 



State 



Mnemonic 



Code 



12 (minimum mode) 
14 (maximum mode) 



RETI 



0,0,0,0,0,1,1,1 



Flags 



Z H V N 



S = The value popped from the stack area is set. 

Z = The value popped from the stack area is set. 

H = The value popped from the stack area is set. 

V = The value popped from the stack area is set. 

N = The value popped from the stack area is set. 

C = The value popped from the stack area is set. 
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RL num, dst 

< Rotate Left > 



Operation : {C Y & dst <— left rotates the value of C Y & dst} Repeat num. 

Description : Rotates left the contents of the linked carry flag and dst. 
Repeats the number of times specified in num. 



Description figure: 



CY * — MSB 



dst 



LSB 



Details : 

State Mnemonic 
Byte Word Long word 



Code 



6 
+ 2n 



+ 2n 



6 

+ 2n 



6 
+ 2n 



+ 2n 



+ 2n 



RL 



RL 



#4,r 



A,r 



RL <W> (mem) 



1 , 1 


z , z 


1 


1 r 1 


1,1,1,0 


1,0,1,0 


0,0,0,0 


,#, 4 , 




1 , 1 


z , z 


1 


1 r 1 





1 


m 





z 


m , m | m | m 





1 


1 


1 


1,0,1,0 



Note : When the number of rotates is specified by the A register, the value of the lower 4 bits 
of the A register is used. Specifying rotates 16 times. 
When dst is memory, rotating is performed only once. 



Flags : S Z H V N C 



* 


* 










* 



S = MSB value of dst after rotate is set. 

Z = 1 is set when the contents of dst after rotate is 0, otherwise 0. 

H = Reset to 0. 

V = 1 is set when the parity (number of Is) of dst is even after rotate, otherwise 

0. If the operand is 32 bits, an undefined value is set. 

N = Reset to 0. 

C = The value after rotate is set. 



Execution example: RL 4, HL 

When the HL register = 6230H and the carry flag = 1, execution sets 
the HL register to 230BH and the carry flag to 0. 
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RLC num, dst 

< Rotate Left without Carry > 



Operation : {C Y<— dst < MSB > , dst<— left rotate value of dst} Repeat num 

Description : Loads the contents of the MSB of dst to the carry flag and rotates left the 
contents of dst. Repeats the number of times specified in num. 

Description figure : 









dst 


CY 






MSB <- LSB 









Details 





State 


Byte 


Word 


6 


6 


+ 2n 


+ 2n 


6 


6 


+ 2n 


+ 2n 



Mnemonic 



Long word 



Code 



+ 2n 



+ 2n 



RLC 



RLC 



#4,r 



A,r 



RLC <W> (mem) 



1 , 1 


z , z 


1 


1 r 1 


1,1,1,0 


1,0,0,0 


0,0,0,0 


1 * 1 4 1 




1 , 1 


z , z 


1 


1 r 1 


11111,1,110,0,0 



1 


m 





z 


m , m , m | m 





1 


1 


1 


1,0,0,0 



Note : When the number of rotates is specified by the A register, the value of the lower 4 
bits of the A register is used. Specifying rotates 16 times. 
When dst is memory, rotating is performed only once. 



Flags : S Z H V N C 





* 





* 





* 



S = MSB value of dst after rotate is set. 

Z = 1 is set when the contents of dst after rotate is 0, otherwise, 0. 

H = Reset to 0. 

V = 1 is set when the parity (number of Is) of dst is even after rotate. If the 

operand is 32 bits, an undefined value is set. 

N = Reset to 0. 

C = MSB value of dst before the last rotate is set. 



Execution example : RLC 4, HL 

When the HL register = 1230H, execution sets the HL register to 
2301H and the carry flag to 1. 
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RLD dstl, dst2 

< Rotate Left Digit > 

Operation : dstl<3:0>^dst2<7:4>,dst2<7:4>^-dst2<3:0>, 
dst2<3:0>^dstl <3:0> 

Description : Rotates left the lower 4 bits of dstl and the contents of dst2 in units of 4 bits. 



Description figure : 



dstl 






dst2 










1° 




7 


1 ,4 


3 1 


1° 




1 













Details : 

State Mnemonic Code 
Byte Word Long word 



12 - - RLD [A,] (mem) 



1 


m 








m | m | m | m 














0,1,1,0 



Flags : S Z H V N C 





* 





* 








S = MSB value of the A register after rotate is set. 

Z = 1 is set when the contents of the A register after the rotate are 0, otherwise 
0. 

H = Reset to 0. 

V = 1 is set when the parity (number of Is) of the A register is even after the 

rotate, otherwise 0. 
N = Reset to 0. 
C = No change 

Execution example : RLD A, (100H) 

When the A register = 12H and the contents of memory at address 
100H = 34H, execution sets the A register to 13H and the contents of 
memory at address 100H to 42H. 
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RR num, dst 

< Rotate Right > 



Operation : {C Y & dst <— right rotates the value of C Y & dst} Repeat num 



Description 
Description figure: 



Rotates right the linked contents of the carry flag and dst. 
Repeats the number of times specified in num. 



dst 






MSB -> LSB 




CY 











Details 
Byte 



State Mnemonic 
Word Long word 



Code 



6 

+ 2n 



6 
+ 2n 



6 

+ 2n 



6 
+ 2n 



+ 2n 



+ 2n 



RR 



RR 



#4,r 



A,r 



RR<W> (mem) 



1 , 1 


z , z 


1 


1 r 1 


1,1,1,0 


1,0,1,1 


0,0,0,0 


,#,4, 




1 1 1 


z , z 


1 


1 r 1 





1 


m 





z 


m | m , m | m 





1 


1 


1 


1,0,1,1 



Note 



When the number of rotates is specified by the A register, the value of the lower 4 
bits of the A register is used. Specifying rotates 16 times. 
When dst is memory, rotating is performed only once. 



Flags : S Z H V N C 



* 


* 





* 





* 



S = MSB value of dst after rotate is set. 

Z = 1 is set when the contents of dst after rotate is 0, otherwise 0. 

H = Reset to 0. 

V = 1 is set when the parity (number of Is) of dst is even after the rotate, 

otherwise 0. If the operand is 32 bits, an undefined value is set. 

N = Reset to 0. 

C = The value after rotate is set. 

Execution example : RR 4, HL 

When the HL register = 6230H and the carry flag = 1, execution sets 
the HL register to 1623H and the carry flag to 0. 
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RRC num, dst 

< Rotate Right without Carry > 



Operation 
Description 



{CY<— dst <LSB>, dst «- right rotate value of dst} Repeat num 



Loads the contents of the LSB of dst to the carry flag and rotates the contents 
of dst to the right. Repeats the number of times specified in num. 



Description figure: 



dst 



MSB 



LSB 



CY 



Details 
Byte 



State 
Word 



Mnemonic 



Long word 



Code 



6 

+ 2n 



6 
+ 2n 



6 

+ 2n 



6 

+ 2n 



RRC 



+ 2n 



+ 2n 



#4,r 



A,r 



RRC 

RRC <W> (mem) 





z , z 


1 


1 r 1 


1,1,1,0 


1,0,0,1 


| | | 


,#,4, 




1 . 1 


z , z 


1 


1 r 1 






1 m 


z 


m , m | m , m 


0,1,1,1,1,0,0,1 



Note 



When the number of rotates num is specified by the A register, the value of the 
lower 4 bits of the A register is used as the number of rotates. 
Specifying rotates 16 times. When dst is memory, rotating is only once. 



Flags : S Z H V N C 



* 


* 





* 





* 



S = MSB value of dst after rotate is set. 

Z = 1 is set when the contents of dst after rotate is 0, otherwise 0. 

H = Reset to 0. 

V = 1 is set when the parity (number of Is) of dst is even after rotate, otherwise 

0. If the operand is 32 bits, an undefined value is set. 

N = Reset to 0. 

C = MSB value of dst before the last rotate is set. 



Execution example: RLC 4, HL 

When the HL register = 1230H, execution sets the HL register to 
0123H and the carry flag to 0. 
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RRD dstl, dst2 

< Rotate Right Digit > 

Operation : dstl<3:0>^dst2<3:0>, dst2<7:4>^dstl<3:0>, 
dst2 < 3:0 > ^dst2 < 7:4 > 

Description : Rotates right the lower 4 bits of dstl and the contents of dst2 in units of 4 
bits. 



Description figure : 



dstl 




dst2 




, ,4 




1° 




, 


4 


3, , ,0 













Details : 

State Mnemonic Code 
Byte Word Long word 



12 - - RRD [A,] (mem) 



1 


m 








m | m | m | m 














0,1,1,1 



Flags 



H V N 



* 


* 





* 








S = MSB value of the A register after rotate is set. 

Z = 1 is set when the contents of the A register after rotate is 0, otherwise 0. 

H = Reset to 0. 

V = 1 is set when the parity (number of Is) of the A register is even after rotate, 

otherwise 0. 

N = Reset to 0. 

C = No change 



Execution example: 



RRD A, (100H) 

When the A register = 12H and the contents of memory at address 
100H = 34H, execution sets the A register to 14H and the contents of 
memory at address 100H to 23H. 
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SBC dst, src 

< Subtract with Carry > 



Operation 



dst <r- dst — src — C Y 



Description : Subtracts the contents of src and the carry flag from those of dst, and loads 
the result to dst. 



Details 
Byte 



State Mnemonic 
Word Long word 



Code 



SBC 
SBC 



R,r 



r,# 



10 SBC 



(mem), R 



SBC<W> (mem), # 



h 1 


z , z 


1 


1 r 1 


1,0,1,1,0 


1 R 1 



1 , 1 



Ol ! 1 



0,1,1 



#<7:0> 



#<15:8> 



#<23:16> 



#<31:24> 



4 


4 


6 


SBC 


R, (mem) 


1 


m 


Z | z 


m 


m | m , m 












1 





h 1 





1 R 1 



1 


m 


z , z 


m 


m , m , m 


1,0,1,1,1 


1 R 1 



1 


m 





z 


m , m , m | m 








1 


1 


1,0,1,1 


#<7:0> 


#<15:8> 
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Flags : S Z H V N C 
* * * * 1 * 

S = MSB value of the result is set. 

Z = 1 is set when the result is 0, otherwise 0. 

H = 1 is set when a borrow from bit 3 to bit 4 occurs as a result, otherwise 0. 

When the operand is 32 bits, an undefined value is set. 

V = 1 is set when an overflow occurs as a result, otherwise 0. 

N = 1 is set. 

C = 1 is set when a borrow from the MSB occurs as a result, otherwise 0. 



Execution example : SBC HL, IX 

When the HL register is 7654H, the IX register = 5000H, and the carry 
flag = 1, execution sets the HL register to 2653H. 



e 





76 54 







5000 



HL register 



IX register 



e 



2 6 5 3 



Carry flag 



HL register 



CPU900-148 



TOSHIBA 



TLCS-900 



SCC condition, dst 

< Set Condition Code > 
Operation : If cc is true, then dst <— 1 else dst <- 0. 

Description : Loads 1 to dst when the operand condition is true; when false, is loaded to 
dst. 



Details 



Byte 



State Mnemonic 
Word Long word 



Code 



SCC 



cc, r 



1,1,0 


z 


1 


1 r 1 


0,1,1,1 


, c , c , 



Flags : S Z H V N C 



S = No change 

Z = No change 

H = No change 

V = No change 

N = No change 

C = No change 



Execution example : SCC OV, HL 

When the contents of the V flag = 1, execution sets the HL register to 
0001H. 
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SCF 

< Set Carry Flag > 



Operation : CY <- 1 

Description : Sets the carry flag to 1. 



Details 



State 



Mnemonic 



Code 



SCF 



0,0,0,1,0,0^,1 



Flags 



s 


z 


H 


V 


N 


c 














1 



s = 


No change 


z = 


No change 


H = 


Reset to 0. 


V = 


No change 


N = 


Reset to 0. 


C = 


Set to 1. 
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SET num, dst 

< Set > 



Operation : dst <num> <— 1 
Description : Sets bit num of dst to 1. 



Details : 

State Mnemonic 
Byte Word Long word 



Code 



SET 



SET 



#4,r 



#3, (mem) 



1,1,0 z 


1 


1 r 1 


0,0,1,1 


0,0,0,1 


0,0,0,0 


,#,4, 




1 m 1 | 1 


m 


m , m , m 


1,0,1,1,1 


,#3, 



Flags : S Z H V N C 



S = No change 

Z = No change 

H = No change 

V = No change 

N = No change 

C = No change 



Execution example: 



SET 5,(100H) 

When the contents of memory at address 100H = 0OO00O00B (binary), 
execution sets the contents of memory at address 100H to 00100000B 
(binary). 



7 6 5 4 3 2 1 



























Address 100H 



Loads 
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SLA num, dst 

< Shift Left Arithmetic > 



Operation : {C Y <- dst < MSB > , dst <- left shift value of dst, 
dst < LSB > <- 0} Repeat num 



Description : Loads the contents of the MSB of dst to the carry flag, shifts left the contents 
of dst, and loads to the LSB of dst. Repeats the number of times specified in 
num. 

d st 

Description chart: 



CY 



MSB 



LSB 



"0" 



Details 





State 


Byte 


Word 


6 


6 


+ 2n 


+ 2n 


6 


6 


+ 2n 


+ 2n 



Mnemonic 



Long word 



Code 



+ 2n 



+ 2n 



SLA 



SLA 



#4,r 



A,r 



SLA <W> (mem) 



1 , 1 


z , z 


1 


1 r 1 


1,1,1,0 


1,1,0,0 


0,0,0,0 


,#, 4 , 




1 , 1 


z , z 


1 


1 r 1 





1 


m 





z 


m , m | m | m 





1 


1 


1 


1,1,0,0 



Note : When the number of shifts, num, is specified by the A register, the value of the 
lower 4 bits of the A register is used. Specifying shifts 16 times. When dst is 
memory, shifting is performed only once. 



Flags : S Z H V N C 



* 


* 





* 





* 



S = MSB value of dst after shift is set. 

Z = 1 is set when the contents of dst after shift is 0, otherwise 0. 

H = Reset to 0. 

V = 1 is set when the parity (number of Is) of dst is even after shifting, otherwise 

0. If the operand is 32 bits, an undefined value is set. 

N = Reset to 0. 

C = MSB value of dst before the last shift is set. 



Execution example : SLA 4, HL 

When the HL register = 1234H, execution sets the HL register to 
2340H and the carry flag to 1. 
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SLL num, dst 

< Shift Left Logical > 



Operation : {CY «- dst<MSB>, dst <- left shift value of dst, dst<LSB> «- 0} Repeat 
num 

Description : Loads the contents of the MSB of dst to the carry flag, shifts left the contents 
of dst, and loads to the MSB of dst. Repeats the number of times specified in 
num. 



dst 



CY 



Description chart: 
Details : 

State 

Byte Word Long word 



MSB 



LSB 



"0" 



Mnemonic 



Code 



6 

+ 2n 



+ 2n 



6 

+ 2n 



6 

+ 2n 



+ 2n 



+ 2n 



SLL 



SLL 



#4,r 



A.r 



SLL <W> (mem) 



1 , 1 


z , z 


1 


1 r 1 


1,1,1,0 


1,1,1,0 


0,0,0,0 


,#,4, 




1 1 1 


Z | z 


1 


1 r 1 






1 m 


z 


m , m , m | m 


0,1,1,1,1,1,1,0 



Note : When the number of shifts, num, is specified by the A register, the value of the 
lower 4 bits of the A register is used. Specifying shifts 16 times. When dst is 
memory, shifting is performed only once. 



Flags : S Z H V N C 



* 


* 





* 





* 



S = MSB value of dst after shift is set. 

Z = 1 is set when the contents of dst after shift is 0, otherwise 0. 

H = Reset to 0. 

V = 1 is set when the parity (number of Is) of dst is even after shifting, otherwise 

0. If the operand is 32 bits, an undefined value is set. 

N = Reset to 0. 

C = MSB value of dst before the last shift is set. 



Execution example: SLL 4, HL 

When the HL register = 1234H, execution sets the HL register to 
2340H and the carry flag to 1. 
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SRA num, dst 

< Shift Right Arithmetic > 



Operation : {CY <- dst<MSB>, dst <- right shift value of dst, dst <MSB> is fixed} 
Repeat num 

Description : Loads the contents of the LSB of dst to the carry flag and shifts right the 
contents of dst (MSB is fixed). Repeats the number of times specified in num. 



Description chart: 



dst 



r- l MSB 

L_j 



LSB 



CY 



Details : 

State Mnemonic 
Byte "Word Long word 



Code 



6 

+ 2n 



+ 2n 



6 

+ 2n 



6 
+ 2n 



+ 2n 



+ 2n 



SRA 



SRA 



#4,r 



A,r 

SRA <W> (mem) 



1 1 1 


Z | z 


1 


1 r 1 


1,1,1,0 


1,1,0,1 


0,0,0,0 


,#,4, 




1 1 1 


Z | z 


1 


1 r 1 


1,1,1,1,1,1,0,1 



1 


m 





z 


m |in | m | m 





1 


1 


1 


1,1,0,1 



Note : When the number of shifts, num, is specified by the A register, the value of the 
lower 4 bits of the A register is used. Specifying shifts 16 times. When dst is 
memory, shifting is performed only once. 



Flags 



s 


z 


H 


V 


N 


c 


* 


* 





* 





* 



S = MSB value of dst after shift is set. 

Z = 1 is set when the contents of dst after shift is 0, otherwise 0. 

H = Reset to 0. 

V = 1 is set when the parity (number of Is) of dst is even after shift, otherwise 0. 

If the operand is 32 bits, an undefined value is set. 

N = Reset to 0. 

C = LSB value of dst before the last shift is set. 



Execution example: SRA 4, HL 

When the HL register = 8230H, execution sets the HL register to 
F823H and the carry flag to 0. 
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SRL num, dst 

< Shift Right Logical > 



Operation : {C Y <- dst < LSB > , dst <- right shift value of dst, dst < MSB > <- 0} Repeat 
num 



Description : Loads the contents of the LSB of dst to the carry flag, shifts right the contents 
of dst, and loads to the MSB of dst. Repeats the number of times specified in 
num. 

i dst 

Description chart : 



"0"- 



MSB 



LSB 



CY 



Details 

Byte 



State 
Word 



Mnemonic 



Long word 



Code 



6 

+ 2n 



6 

+ 2n 



6 

+ 2n 



6 

+ 2n 



+ 2n 



+ 2n 



SRL 



SRL 



#4,r 



A,r 

SRL<W> (mem) 



1 , 1 


z , z 


1 


1 r 1 


1,1,1,0 


1,1,1,1 


0,0,0,0 


I #,4 , 




1 . 1 


Z | z 


1 


l r 1 


1,1, 1,1,1,1,1,1 



1 


m 





z 


m , m , m , m 





1 


1 


1 


1,1,1,1 



Note : When the number of shifts, num, is specified by the A register, the value of the 
lower 4 bits of the A register is used. Specifying shifts 16 times. When dst is 
memory, shifting is performed only once. 



Flags : S Z H V N C 



* 


* 





* 





* 



S = MSB value of dst after shift is set. 

Z = 1 is set when the contents of dst after shift is 0, otherwise 0. 

H = Reset to 0. 

V = 1 is set when the parity (number of Is) of dst is even after shift, otherwise 0. 

If the operand is 32 bits, an undefined value is set. 

N = Reset to 0. 

C = LSB value of dst before the last shift is set. 



Execution example: SRL 4, HL 

When the HL register = 1238H, execution sets the HL register to 
0123H and the carry flag to 1. 
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Operation 
Description 



STCF num, dst 

< Store Carry Flag > 

dst<num><-CY 

Loads the contents of the carry flag to bit num of dst. 



Details 



Byte 



State Mnemonic 
Word Long word 



Code 



Note 



STCF 



#4,r 



1,1,0 


z 


1 


1 r 1 


0,0,1,0 


0,1,0,0 


0,0,0,0 


,#,4, 



4 


4 




STCF 


A,r 


1,1,0 


z 


1 


1 r 1 












0,0,1 





1 


1,0,0 







STCF 


#3, (mem) 


1 


m 




m 


m , m , m 










1 





1,0 





,#3, 







STCF 


A, (mem) 


1 


m 




m 1 m , m | m 
















1,0 


1,1,0,0 



When bit num is specified by the A register, the value of the lower 4 bits of the A 
register is used. When the operand is a byte and the value of the lower 4 bits of bit 
num is from 8 to 15, the operand value does not change. 



Flags : S Z H V N 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 



Execution example: STCF 5, (100H) 

When the contents of memory at address 100H = 00H and the carry 
flag = 1, execution sets the contents of memory at address 100H to 
00100000B (binary). 
4 3 2 1 

Address 100H 



7 6 5 



























1 Carry flag 
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SUB dst, src 

< Subtract > 

Operation : dst-^-dst — src 

Description : Subtracts the contents of src from those of dst and loads the result to dst. 



Details 



Byte 



State Mnemonic 
Word Long word 



Code 



SUB 
SUB 



R,r 
r,# 



10 SUB 



(mem), R 
SUB<W> (mem),# 



il 1 


z , z 


1 


1 r 1 


1,0,1,0,0 


1 R 1 



1 , 1 



1 I 1 I°I Q 1 1 I°I 1 I 



#<7:0> 



#<15:8> 



#<23:16> 



#<31:24> 



4 


4 


6 


SUB 


R, (mem) 


1 


m 


z , z 


m 


m | m | m 












1 





1,0 





1 R 1 



1 


m 


Z | z 


m 


m , m , m 


1,0,1,0,1 


1 R 1 



1 


m 





z 


m | m , m , m 








1 


1 


1,0,1,0 


#<7:0> 


#<15:8> 
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Flags : S Z H V N C 
* * * * 1 * 

S = MSB value of the result is set. 

Z = 1 is set when the result is 0, otherwise 0. 

H = 1 is set when a borrow from bit 3 to bit 4 occurs as a result, otherwise 0. 

When the operand is 32 bits, an undefined value is set. 

V = 1 is set when an overflow occurs as a result, otherwise 0. 

N = 1 is set. 

C = 1 is set when a borrow from MSB occurs as a result, otherwise 0. 



Execution example : SUB HL, IX 

When the HL register = 7654H and the IX register = 5000H, 
execution sets the HL register to 2654H. 



e 





7 6 54 







5 00 IX register 



2 6 54 HL register 
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SWI num 

< Software Interrupt > 



Operation : [The case of 900_CPU] 

1) Temp<-SR 

2) SYSM bit*-l 

3) XSP<— XSP — 4 ••• in minimum mode 

or 

XSP<— XSP — 6 ••• in maximum mode 

4) (XSP)<-Temp 

5) (XSP + 2)<-16bitPC — in minimum mode 

or 

(XSP + 2)^32bitPC •••in maximum mode 

6) PC^8000H + numXlOH 
[Thecaseof900L_CPU] 

1) XSP<— XSP — 4 ••• in minimum mode 

or 

XSP<— XSP — 6 ••• in maximum mode 

2) (XSP)«-SR 

3) (XSP + 2)«-16bitPC ■•• in minimum mode 

or 

(XSP + 2)<-32bitPC ••• in maximum mode 

4) PC<— (Address refer to vector + num X 4) 

Note : Address refer to vector is defined for each product. 

This is defined to 8000H in the first product of TMP93CM40. 



Description : [The case of 900_CPU] 

After the mode is changed to system mode, the 900_CPU saves to the stack 
area the contents of the status register before execution of the SWI 
instruction and contents of the program counter which indicate the 
address next to the SWI instruction. Finally, jumps to address 
8000H + numXlOH. 
[Thecaseof900L_CPU] 

Saves to the stack area the contents of the status register and contents of 
the program counter which indicate the address next to the SWI 
instruction. Finally, jumps to vector is indicated address refer to vector. 



Details 



State Mnemonic Code 



16 (Minimum mode) SWI [#3] 

18 (Maximum mode) 



1,1,1,1,1 
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Note 1 : A value from to 7 can be specified as the operand value. When the operand 
coding is omitted, SWI 7 is assumed. 

Note 2 : The status register structure is as shown below. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 
|sYSm[iFF2 [iFFl |lFF0 | MAX [rFP2 | RFP1 1 RFPO [ S [ Z | "0" ] H [ "0" | V | N | C [ 



Flags : S Z H V N C 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 



Execution example: 
(The case of 900 CPU) 



84 



01 



SWI 5 

In minimum mode, when the stack pointer XSP = 100H, the status 
register = 0000H, executing the above instruction at memory address 
8400H sets the status register to 8000H, writes the contents of the 
previous status register 0000H in memory address OOFCH, and the 
contents of the program counter 840 1H in memory address OOFEH, 
then jumps to address 8050H. 



memory 



PC [ 
(next address) 



00 



00 



|SR 

(value before 
execution) 





OFCH (XSP after 


00 


00 


OFDH execution) 


01 


OFEH 


84 


OFFH 




100H (XSP before 
execution) 





8 (Fixed) 



0| 0| 0| 0| 0| 0|0| 0| 0| Oj 0| 0|0l 0| 0|0| SR (before 

execution) 



5x10 H 



(numx 10H) 



Sets SYS bit to 1. 



80 5 PC (after execution) 



l|0|0|0|0l0|0l0|Q|0|0|0|0[0|0t0| SR (after 

execution) 
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TSET num, dst 

< Test and Set > 



Operation : Z flag <— inverted value of dst < num > 
dst <num> <— 1 

Description : Loads the inverted value of the bit num of dst to the Z flag. 
Then the bit num of dst is set to "1". 



Details 



State 

byte word long word 



Mnemonic 



Code 



6 



10 



TSET 



TSET 



#4,r 

#3, (mem) 



1 l 1 


Z | z 


1 


1 r r 


1,1,0,0,0 


1,0,0 



1 | m 


1 1 1 


m 


m , m | m 


1,0,1,0,1,1,0,0 



Flags 



H V N 



X 


* 


1 


X 








S = An undefined value is set. 

Z = The inverted value of the src <num> is set. 

H = Set to 1 

V = An undefined value is set. 

N = Set to 

C = No change 



Execution example: When the contents of memory at address 100H = 00100000B (binary), 
TSET 3, (100H) execution sets the Z flag to 1, the contents of memory at 
address 100H = 00101000B (binary). 



7 6 5 4 3 2 1 









1 





| | | 


address 100H (before execution) 


Inverted — ^[T] Zflag 








1 





1 | 


address 100H (after execution) 
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UNLK dst 

< Unlink > 
Operation : XSP <- dst, dst «- (XSP + ) 

Description : Loads the contents of dst to the stack pointer XSP, then pops long word data 
from the stack area to dst. Used paired with the Link instruction. 

Details : 

State Mnemonic Code 
Byte Word Long word 



8 UNLK r 



1 


1 


1 


0,1 


1 r 1 











0,1 


1,0,1 



Flags : S Z H V N C 



s = 


No change 


z = 


No change 


H = 


No change 


V = 


No change 


N = 


No change 


C = 


No change 



Execution example : UNLK XIZ 

As a result of executing this instruction after executing the Link 
instruction, the stack pointer XSP and the XIZ register revert to the 
same values they had before the Link instruction was executed. (For 
details of the Link instruction, see page 104) 
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XOR dst, src 

< Exclusive OR > 



Operation 



Details 



Byte 



dst^dst XOR src 



Description : Exclusive ors the contents of dst with those of src and loads the result to dst. 

(Truth table) 



A B 


A XOR B 














1 


1 


1 





1 


1 


1 






State 
Word 



Mnemonic 



Long word 



Code 



7 XOR 
7 XOR 



R,r 
r,# 



10 XOR 



(mem), R 



XOR<W> (mem),# 



1 \ 1 


z , z 


1 


1 r 1 


1,1,0,1,0 


1 R 1 



1 1 I 



, 1 



#<7:0> 



#<15:8> 



#<23:16> 



#<31:24> 



4 


4 


6 


XOR 


R, (mem) 


1 


m 


Z | z 


m 


m , m , m 












1 


1 


0,1 





1 R 1 



1 


m 


z , z 


m 


m , m | m 


1,1,0,1,1 


1 R 1 



1 


m 





z 


m , m , m | m 








1 


1 


1,1,0,1 


#<7:0> 


#<15:8> 
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Flags 



H V N 










* 









S = MSB value of the result is set. 

Z = 1 is set when the result is 0, otherwise 0. 

H = Reset to 0. 

V = 1 is set when the parity (number of Is) of dst is even as a result, otherwise 0. 

If the operand is 32 bits, an undefined value is set. 

N = Cleared to 0. 

C = Cleared to 0. 



Execution example : XOR HL, IX 

When the HL register = 7350H and the IX register = 3456H, 
execution sets the HL register to 4706H. 



0111 0011 0101 0000 <- HL register (before execution) 
XOR) 0011 0100 0101 QUO <- IX register (before execution) 
0100 0111 0000 0110 <- HL register (after execution) 
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XORCF num, src 



Operation 
Description 

Details 

Byte 



CY 



< Exclusive OR Carry Flag > 
CY XOR src < num > 



Exclusive ors the contents of the carry flag and bit num of src, and loads the 
result to the carry flag. 



State 
Word 



Mnemonic 



Code 



Long word 



XORCF 



#4,r 



1,1,0 


z 


1 


1 r 1 


0,0,1,0 


0,0,1,0 


0,0,0,0 


,#,4, 



4 


4 




XORCF 


A,r 


1,1,0 


z 


1 


1 r 1 












0,0,1 





1 


0,1,0 







XORCF 


#3, (mem) 


1 


m 




m 


m , m , m 










1 





0,1 





,#3, 





XORCF 


A, (mem) 


1 


m 


h 1 


m , m | m , m 














1,0 


1,0,1,0 



Note 



Flags 



When bit num is specified by the A register, the value of the lower 4 bits of the A 
register is used. When the operand is a byte and the value of the lower 4 bits of bit 
num is from 8 to 15, the result is undefined. 

S Z H V N C 



S = No change 

Z = No change 

H = No change 

V = No change 

N = No change 

C = The value obtained by exclusive or-ing the contents of the carry flag with 
those of bit num of src is set. 

Execution example: XORCF 6, (100H) 

When the contents of memory at address 100H = 01000000B (binary) 
and the carry flag = 1, execution sets the carry flag to 0. 



7 


6 


5 


4 


3 


2 


1 








1 





















Address 100H 



xor)^-[T| Carry flag (before execution) 
• fol Carry flag (after execution) 
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ZCF 

< Zero flag to Carry Flag > 
Operation : CY «- inverted value of Z flag 

Description : Loads the inverted value of the Z flag to the carry flag. 
Details : 

State Mnemonic Code 

2 ZCF [0,0,0,1,0,0,1 ,"17 



Flags 



H V N 







X 







* 



s = 


No change 


Z = 


No change 


H = 


An undefined value is set. 


V = 


No change 


N = 


Reset to 0. 


C = 


The inverted value of the Z flag is set. 



Execution example : ZCF 

When the Z flag = 0, execution sets the carry flag to 1. 



[o] Zflag 
Inverted 

| T~| Carry flag 
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Appendix B Instruction Lists (1/1 1) 

■ Explanation of symbols used in this document 

1. Size 



B 


The operand size is in bytes (8 bits) 


W 


The operand size is in word (16 bits) 


L 


The operand size is in long word (32 bits) 



2. Mnemonic 



R 


Eight general-purpose registers including 8/1 6/32-bit current bank registers. 




8 bit register: W, A, B, C, D, E, H, L 




16 bit register: WA, BC, DE, HL, IX, IY, IZ, SP 




32 bit register: XWA, XBC, XDE , XHL , XIX, XIY, XIZ, XSP 


r 


8/16/32-bit general-purpose registers 


cr 


All 8/1 6/32-bit CPU control registers 




DMASO-3, DMADO-3, DMACO-3, DMAMO-3, XNSP, INTNEST 


A 


A register (8 bits) 


F 


Flag registers (8 bits) 


F' 


Inverse flag registers (8 bits) 


SR 


Status registers (1 6 bits) 


PC 


Program Counter (in minimum mode, 16 bits; in maximum mode, 32 bits) 


(mem) 


8/1 6/32-bit memory data 


mem 


Effective address value 


<W> 


When the operand size is a word, "W" must be specified. 


[ ] 


Operands enclosed in square brackets can be omitted. 


# 


8/16/32-bit immediate data. 


#3 


3-bit immediate data: to 7 or 1 to 8 for abbreviated codes. 


#4 


4-bit immediate data: to 15 or 1 to 16 


d8 


8-bit displacement: -80H-+7FH 


dl6 


16-bitdisplacement: - 8000H- + 7FFFH 


cc 


Condition code 


(#8) 


Direct addressing : (00H) to (OFFH) - 256-byte area 


(#16) 


64K-byte area addressing : (0000H) to (OFFFFH) 


$ 


A start address of the instruction is located 



* : XNSP exists only in 900 CPU, and INTNEST exists only in 900/L_CPU. 
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Appendix B Instruction Lists (2/1 1) 
3. Cord 



z 


The code crepresentthe operand sizes. 




byte (8 bit) = 




word (16 bit) = 2 




long word (32 bit) = 4 


11 


The code represent the operand sizes. 




byte (8 bit) = 00 H • 




word(16bit) = 10H 




long word (32bit) = 20H 



4. Flag (SZHVNC) 





Flag doesn't change. 


* 


Flag changes by executing instruction. 





Flag is cleared to "0". 


1 


Flag is set to "1". 


p 


Flag changes by executing instruction (It works as parity flag). 


V 


Flag changes by executing instruction (It works as overflow flag). 


X 


An undefined value is set in flag. 


Instruction length 


Instruction length is represented in byte unit. 


+# 


adds immediate data length. 




+M 


adds addressing code length. 




+#M 


adds immediate data length and addressing code length. 





6. State 

Execution processing time of instruction are shown in order of 8 bit, 16 bit, 32 bit processing in status 
unit. 



1 state = 100ns @20M Hz oscillation 
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Appendix B Instruction Lists (3/1 1) 



(1) Load 



Group 


Size 


Mnemonic 


Codes (hex.) 


Function 


SZHVNC 




State 




BWL 


LD 


R, r 


C8+zz+r 


88+R 


R r 




2 


4 


4 


4 




BWL 


LD 


r,R 


C8+zz+r 


98+R 


r *~ R 




2 


4 


4 


4 




BWL 


LD 


r,#3 


C8+zz+r 


A8+#3 


r <- #3 




2 


4 


4 


4 




BWL 


i n 
LU 


D 4t 
n , ft 


20+zz+R 


u 

ft 


R *■ # 




l+# 


O 


Q 
O 


C 






BWL 


LD 


r,# 


C8+zz+r 


03:# 


r *- # 




2+# 


4 


4 


6 


LD 


BWL 


LD 


R, (mem) 


80+zz+mem 


20+R 


R <- (mem) 




2+M 


4 


4 


6 




BWL 


LD 


(mem) , R 


BO+mem 


40+zz+R 


(mem) *- R 




2+M 


4 


4 


6 




BW- 


LD<W> 


(#8) ,# 


08+z 


#8:# 


(#8) <- # 




2+# 


5 


6 


" 




BW- 


i n/\i(\ 
LU\W/ 


(mem) , # 


BO+mem 


uu+z : it 


l mom ^ it 




2+M# 





c 
D 






BW- 


LD<W> 


(#16), (mem) 


80+zz+mem 


19: #16 






4+M 


8 


8 


- 




BW- 


LD<W> 


(mem) , (#16) 


BO+mem 


14+z:#16 


(mem) *- (#16) 




4+M 


8 


8 


- 




B — 


PUSH 


F 


18 




(-XSP) <- F 




1 


3 








B-- 


PUSH 


A 


14 




(-XSP) +■ A 




1 


3 






PUSH 


-WL 


PUSH 


R 


18+zz+R 




(-XSP) <- R 




1 




3. 


5 




BWL 


PUSH 


r 


C8+zz+r 


04 


(-XSP) «- r 




2 


5 


5. 


7 




BW- 


PUSH<W> 


# 


09+z 


# 


(-XSP) +• # 




l+# 


4 


5. 






BW- 


PUSH<W> 


(mem) 


80+zz+mem 


04 


(-XSP) <- (mem) 




2+M 


7 


7. 






B — 


POP 


F 


19 




F «- (XSP+) 




1 


4 








B~ 


POP 


A 


15 




A «- (XSP+) 




1 


4 






POP 


-WL 


POP 


R 


38+zz+R 




R +■ (XSP+) 




1 




4. 


6 




BWL 


POP 


r 


C8+zz+r 


05 


r +■ (XSP+) 




2 


6 


6. 


8 




BW- 


P0P<W> 


(mem) 


BO+mem 


04+z 


(mem) «- (XSP+) 




2+M 


6 


6. 




LDA 


-WL 


LDA 


R.mem 


BO+mem 


10+zz+R 


R <- mem 




2+M 




4. 


4 


LDAR 


-WL 


LDAR 


R,$+4+dl6 


F3:13:dl6 


10+zz+R 


R <- PC+dl6 




5 




11. 


11 



(2) Exchange 



Group 


Size 


Mnemonic 


Codes (hex.) 


Function 


SZHVNC 


w 


State 


EX 


B-- 
BW- 
BW- 


EX F , F ' 

EX R, r 

EX (mem),R 


16 

C8+zz+r :B8+R 
80+zz+mem: 30+R 


F <-> F' 
R «-» r 
(mem) <-» R 




1 

2 

2+M 


2. -. - 

5. 5. - 

6. 6. - 


MIRR 


-W- 


MIRR r 


D8+r :16 


r<0:MSB>«-r<MSB:0> 




2 


-. 4. - 
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Appendix B Instruction Lists (4/1 1) 

(3) Load Increment/Decrement & Compare Increment/Decrement Size 



Group 


Size 


Mnemonic 


Codes (hex.) 


Function 


SZHVNC 




State 




BW- 


LDKW> 

r / vncj.\ / vui _i_ \ "l 

L(XL)h+) , (aHL+) J 


83+zz 


:10 


(XDE+) <- (XHL+) 
BC *- BC-1 


— 0M0- 


2 


10.10. - 




BW- 


LDKW> 

(XIX+),(XIY+) 


85+zz 


:10 


(XIX+) <r (XIY+) 

BC <- BC-1 


— 0M0- 


2 


10.10. - 




BW- 


LDIR<W> 

[(XDE+),(XHL+)] 


83+zz 


:11 


repeat 

(XDE+) <- (XHL+) 
BC <- BC-1 
until BC=0 


--000- 


2 


10.10. - 
( end ) 
14.14. - 
( repeat) 




BW- 


LDIR<W> 

(XIX+),(XIY+) 


85+zz 


:11 


repeat 

(XIX+) <- (XIY+) 
BC «- BC-1 
until BC=0 


--000- 


2 


10.10. - 
( end ) 
14.14. - 
( repeat) 


LDxx 


BW- 


LDD<W> 

[(XDE-).(XHL-)] 


83+zz 


:12 


(XDE-) *■ (XHL-) 
BC <- BC-1 


— 0M0- 


2 


10.10. - 




BW- 


LDD<W> 

(XIX-).(XIY-) 


85+zz 


:12 


(XIX-) «- (XIY-) 
BC <- BC-1 


— 0M0- 


2 


10.10. - 




BW- 


LDDR<W> 

[(XDE-).(XHL-)] 


83+zz 


:13 


repeat 

(XDE-) <- (XHL-) 
BC <- BC-1 
until BC=0 


—000- 


2 


10.10. - 
( end ) 
14.14. - 
( repeat) 




BW- 


LDDR<W> 

(XIX-).(XIY-) 


85+zz 


:13 


repeat 

(XIX-) *■ (XIY-) 
BC *- BC-1 
until BC=0 


—000- 


2 


10.10. - 
( end ) 
14.14. - 
( repeat) 




BW- 


CPI [A/WA,(R+)] 


80+zz+R 


:14 


A/WA - (R+) 
BC <- BC-1 


*N*M1- 


2 


8. 8. - 


CPxx 


BW- 


CPIR [A/WA,(R+)] 


80+zz+R 


:15 


repeat 
A/WA - (R+) 
BC «- BC-1 

until A/WA=(R) 
or BC=0 


*N*M1- 


2 


10.10. - 
( end ) 
14.14. - 
( repeat) 


BW- 


CPD [A/WA,(R-)] 


80+zz+R 


:16 


A/WA - (R-) 
BC +■ BC-1 


*N*M1- 


2 


8. 8. - 




BW- 


CPDR [A/WA,(R-)] 


80+zz+R 


:17 


repeat 
A/WA - (R-) 
BC «- BC-1 

until A/WA=(R) 
or BC=0 


*N*M1- 


2 


10.10. - 
( end ) 
14.14. - 

( repeat) 



Note 1: Flag M; If BC = after execution, the P/V flag is set to 0, otherwise 1. 

Flag N; If A/WA = (R), the Z flag is set to 1, otherwise, is set. 
Note 2: When the operand is omitted in the CPI, CPIR, CPD, or CPDR instruction, A,(XHL +/-) 

is used as the default value. 
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Appendix B Instruction Lists (5/1 1) 
(4) Arithmetic Operations 



Group 


Size 


Mnemonic 


Codes (hex.) 


Function 


SZHVNC 




State 


ADD 


BWL 
BWL 
BWL 
BWL 
BW- 


ADD R,r 
ADD r,'# 
ADD R,(mem) 
ADD (mem),R 
ADD<W> (mem),# 


C8+zz+r 

C8+zz+r 

80+zz+mem 

80+zz+mem 

80+zz+mem 


80+R 
C8:# 
80+R 
88+R 
38:# 


r <- R + r 
r <- r + # 
R «- R + (mem) 
(mem) <- (mem) + R 
(mem) +• (mem) + # 


***\/0* 

***vo* 
***vo* 
***vo* 
***vo* 


2 

2+# 
2+M 
2+M 
2+M# 


4. 4. 7 
4.' 4.' 7 
4. 4. 6 

6. 6.10 

7. 8. - 


ADC 


BWL 
BWL 
BWL 
BWL 
BW- 


ADC R,r 
ADC r',# 
ADC R,(mem) 
ADC (mem),R 
ADC<W> (mem),# 


C8+zz+r 

C8+zz+r 

80+zz+mem 

80+zz+mem 

80+zz+mem 


90+R 
C9:# 
90+R 
98+R 
39 : # 


R «- R + p + CY 
r «- r + # + CY 
R «- R+(mem)+CY 
(mem) <-(mem)+R + CY 
(mem) +-(mem)+# + CY 


***vo* 
***vo* 
***vo* 
***vo* 


2 

2+# 
2+M 
2+M 
2+M# 


4. 4. 7 
4! 4. 7 
4. 4. 6 

6. 6.10 

7. 8. - 


SUB 


BWL 
BWL 
BWL 
BWL 
BW- 


SUB R,r 
SUB r,# 
SUB R,'(mem) 
SUB (mem),R 
SUB<W> (mem),# 


C8+zz+r 

C8+zz+r 

80+zz+mem 

80+zz+mem 

80+zz+mem 


AO+R 
CA:# 
AO+R 
A8+R 
3A:# 


R <- R - r 
r <- r - # 
R <- R - (mem) 
(mem) <- (mem) - R 
(mem) <- (mem) - # 


***V1* 


2 

2+# 
2+M 
2+M 
2+M# 


4. 4. 7 
4. 4. 7 
4. 4. 6 

6. 6.10 

7. 8. - 


SBC 


BWL 
BWL 
BWL 
BWL 
BW- 


SBC R,r 
SBC r,# 
SBC R,(mem) 
SBC (mem),R 
SBC<W> (mem),# 


C8+zz+r 

C8+zz+r 

80+zz+mem 

80+zz+mem 

80+zz+mem 


BO+R 
CB:# 
BO+R 
B8+R 
3B:# 


R «- R - r - CY 
r <- r - # - CY 
R <-R-(mem)-CY 
(mem) <- (mem) - R - CY 
(mem) <-(mem)-#-CY 




2 

2+# 
2+M 
2+M 
2+M# 


4. 4. 7 
4. 4. 7 
4. 4. 6 

6 . 6 . 10 

7. 8. - 


CP 


BWL 
BW- 
BWL 
BWL 
BWL 
BW- 


CP R,r 
CP r,#3 
CP r,# 
CP R,(mem) 
CP (mem),R 
CP<W> (mem),# 


C8+zz+r 

C8+zz+r 

C8+zz+ r 

80+zz+mem 

80+zz+mem 

80+zz+mem 


FO+R 

D8+#3 

CF:# 

FO+R 

F8+R 

3F:# 


R - r 
r - #3 
r - # 
R - (mem) 
(mem) - R 
(mem) - # 


***V1* 


2 
2 

2+# 
2+M 
2+M 
2+M# 


4. 4. 7 
4. 4. - 
4. 4. 7 
4. 4. 6 
6. 6. 6 
6. 6. - 


INC 


B — 

-WL 

Dw 


INC #3,r 
INC #3,r 
inlaw/ wo , [ mein ) 


C8+r 

C8+zz+r 

80+zz+mem 


60+#3 
60+#3 
60+#3 


r *■ r + #3 
r <r r + #3 
(mem) <■ (mem) + #3 


***V0- 

* * *\/fi- 
vu 


2 
2 

9_i_M 


4. -. - 
-. 4. 4 

K R - 


DEC 


B — 
-WL 
BW- 


DEC #3,r 
DEC #3 , r 
DEC<W> #3, (mem) 


C8+r 

C8+zz+r 

80+zz+mem 


68+#3 
68+#3 
68+#3 


r <- r - #3 
r «- r - #3 
(mem) «- (mem) - #3 


* * *\/l- 


2 
2 

2+M 


4. -. - 
-. 4. 5 
6. 6. - 


NEG 


BW- 


NEG r 


C8+zz+ r 


07 


r <- - r 




2 


5. 5. - 


EXTZ 


-WL 


EXTZ r 


C8+zz+r 


12 


r<high> <- 




2 


-. 4. 4 


EXTS 


-WL 


EXTS r 


C8+zz+r 


13 


r<high> *■ r<low. 

MSB> 




2 


-. 5. 5 


DAA 


B — 


DAA r 


C8+r :10 


Decimal adjustment after 
addition or subtraction. 


***p_* 


2 


6. -. - 


PAA 


-WL 


PAA r 


C8+zz+r :14 


if r<0>=l then 

INC r 




2 


-. 4. 4 



Note 1: With the INC/DEC instruction, when the code value of #3 = 0, functions as +8/ — 8. 
Note 2: When the ADD R, r (word type) instruction is used in the TLCS-90, the S, Z, and V flags 
do not change. In the TLCS-900, these flags change. 
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Appendix B Instruction Lists (6/1 1) 



Group 


Size 


Mnemonic 


Codes (hex.) 


Function 


SZHVNC 




State 


MUL 


BW- 
BW- 
BW- 


MUL RR, r 
MUL rr,# 
MUL RR,(mem) 


C8+zz+r :40+R 
C8+zz+r :08:# 
80+zz+mem:40+R 


RR <- RXr 
rr <- rx# 
RR *• RX(mem) 




2 

2+# 
2+M 


18.26. - 
18.26. - 
18.26. - 


MULS 


BW- 
BW- 
BW- 


MULS RR , r 
MULS rr,# 
MULS RR,(mem) 


C8+zz+r :48+R 
C8+zz+r :09:# 
80+zz+mem:48+R 


RR *- RXr ;signed 
rr <- rX# ;signed 
RR <-RX(mem) ;signed 




2 

2+# 
2+M 


18.26. - 
18.26. - 
18.26. - 


DIV 


BW- 
BW- 
BW- 


DIV RR, r 
DIV rr,# 
DIV RR,(mem) 


C8+zz+r :50+R 
C8+zz+r :0A:# 
80+zz+mem:50+R 


R *■ RR+r 
r «- rr-r# 
R <- RR+(mem) 


— -V— 
— V— 
— -V-- 


2 

2+# 
2+M 


22.30. - 
22.30. - 
22.30. - 


DIVS 


BW- 
BW- 
BW- 


DIVS RR, r 
DIVS rr,# 
DIVS RR,(mem) 


C8+zz+r :58+R 
C8+zz+r :0B:# 
80+zz+mem:58+R 


R <- RR+r ;signed 
r <- rr+# ;signed 
R «- RR-r(mem) ; signed 


— -V— 
— V— 
— -V— 


2 

2+# 
2+M 


24.32. - 
24.32. - 
24.32. - 


MULA 


-W- 


Ml II A _ 

MULA rr 


D8+r : 19 


Multiply and add signed 
rr<- rr+(XDE)x(XHL) 

32bit 32bit 16bit 16bit 

XHL «- XHL-2 




2 


- . 31 . - 


MINC 


-W- 


M1IML1 ff , r 

(#=2**n) 
(K = n<=15) 


D8+r :38:#-l 


Modulo increment;+l 
if (r mod #)={#-!) 
then r<-r-(#-l) 
else r<-r+l 




4 


- . 8 . - 


-w- 


MTMPO JJ. M 

MIIMCZ #,r 

(#=2**n) 

(2<=n<=15) 


D8+r :39:#-2 


Modulo increment;+2 
if (r mod #)=(#-2) 
then r<-r-(#-2) 
else r<-r+2 




4 


-. 8. - 


-w- 


UTMP /I M r* 

M1NL4 ff , r 

(#=2**n) 
(3<=n<=15) 


noin . oa . Ji yi 

U8+r :3A:#-4 


Modulo increment;+4 
if (r mod #)=(#-4) 
then r<-r-(#-4) 
else r«-r+4 




4 


-. 8. - 


MDEC 


-W- 


MUtLl it, r 

(#=2**n) 

(K=n<=15) 


Uo+r :oL:ff - i 


Modulo decrement; -1 
if (r mod #)=0 
then r<-r+(#-l) 
else r«-r-l 




4 




-w- 


MDEC2 #,r 

(#=2**n) 

(2<=n<=15) 


D8+r :3D:#-2 


Modulo decrement; -2 
if (r mod #)=0 
then r<-r+(#-2) 
else r<-r-2 




4 


-. 7. - 


-w- 


MDEC4 #,r 

(#=2**n) 

(3<=n<=15) 


D8+r :3E:#-4 


Modulo decrement; -4 
if (r mod #)=0 
then r<-r+(#-4) 
else r<-r-4 




4 


-. 7. - 



Note: Operand RR of the MUL, MULS, DIV, and DIVS instructions indicates that a register 
twice the size of the operation is specified. When the operation is in bytes (8 bits x 8 bits, 
16/8 bits), word register (16 bits) is specified; when the operation is in words (16 bits x 16 
bits, 32/16 bits), long word register (32 bits) is specified. 
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Appendix B Instruction Lists (7/1 1) 
(5) Logical operations 



Group 


Size 


Mnemonic 


Codes (hex.) 


Function 


SZHVNC 




State 


AND 


BWL 
BWL 
BWL 
BWL 
BW- 


AND R,r 
AND r,# 
AND R,(mem) 
AND (mem) , K 
AND<w> (mem),# 


C8+zz+r :C0+R 
C8+zz+r :CC:# 
80+zz+mem:C0+R 
80+zz+mem:C8+R 
80+zz+mem:3C:# 


R <- R and r 
r <- r and # 
R *- R and (mem) 
(mem) <- (mem) and R 
(mem) <- (mem) and # 


**1P00 
**1P00 
**1P00 

v lrUU 
**1P00 


2 

2+# 
2+M 
2+M 
2+M# 


4. 4. 7 
4 . 4 . 7 
4. 4. 6 

6 . 6 . 10 

7. 8. - 


OR 


BWL 
BWL 
BWL 
BWL 
BW- 


OR R,r 
OR r,# 
OR R,(mem) 
OR (mem),R 
0R<W> (mem),# 


C8+zz+r :E0+R 
C8+zz+r :CE:# 
80+zz+mem:E0+R 
80+zz+mem:E8+R 
80+zz+mem:3E:# 


R <- R or r 
r <- r or # 
R <r R or (mem) 
(mem) <- (mem) or R 
(mem) <- (mem) or # 


**0P00 

**0P00 
**0P00 
**0P00 
**0P00 


2 

2+# 
2+M 
2+M 
2+M# 


4. 4. 7 
4. 4. 7 
4. 4. 6 

6. 6. 10 

7. 8. - 


XOR 


BWL 
BWL 
BWL 
BWL 
BW- 


XOR R,r 
XOR r,# 
XOR R,(mem) 
XOR (mem),R 
X0R<W> (mem),# 


C8+zz+r :D0+R 
C8+zz+r :CD:# 
80+zz+mem:DO+R 
80+zz+mem:D8+R 
80+zz+mem:3D:# 


R <- R xor r 
r *r p xor # 
R <- R xor (mem) 
(mem) <- (mem) xor R 
(mem) «- (mem) xor # 


**0P00 
**0P00 
**0P00 
**0P00 
**0P00 


2 

2+# 
2+M 
2+M 
2+M# 


4. 4. 7 
4. 4. 7 
4. 4. 6 

6. 6. 10 

7. 8. - 


CPL 


BW- 


CPL r 


C8+zz+r :06 


r <- not r 


--1-1- 


2 


4. 4. - 
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Appendix B Instruction Lists (8/1 1) 
(6) Bit operations 



Group 


Size 


Mnemonic 


Codes (hex.) 


Function 


SZHVNC 




State 


LDCF 


BW- 
BW- 
B— 
B-- 


LDCF #4,r 
LDCF A , r 
LDCF #3, (mem) 
LDCF A , (mem) 


C8+zz+r 
C8+zz+r 
BO+men 
BO+men 


23: m 
2B 

98+#3 
2B 


CY <- r<#4> 
CY <- KA> 
CY *■ (mem)<#3> 
CY <r (mem)<A> 


* 

__ __* 
__* 
_ * 


3 
2 

2+M 
2+M 


4.4. - 
4.4.- 
8.-.- 
8.-.- 


STCF 


BW- 
BW- 
B— 
B-- 


STCF #4,r 
STCF A ,r 
STCF #3, (mem) 
STCF A ,(mem) 


C8+zz+r 
C8+zz+r 
BO+mem 
BO+mem 


24: #4 
2C 

A0+#3 
2C 


r<#4> *- CY 
KA> <- CY 
(mem)<#3> <- CY 
(mem)<A> «- CY 




3 
2 

2+M 
2+M 


4.4. - 
4.4.- 
8.-.- 
8.-.- 


ANDCF 


BW- 
BW- 
B— 
B — 


ANDCF #4,r 
ANDCF A , r 
ANDCF #3, (mem) 
ANDCF A , (mem) 


C8+zz+r 
C8+zz+r 
BO+mem 
BO+mem 


20: #4 
28 

80+#3 
28 


CY <r CY and r<#4> 
CY «- CY and r<A> 
CY <- CY and (mem)<#3> 
CY <- CY and (mem)<A> 


_ __* 
_ * 
_ * 
_ * 


3 
2 

2+M 
2+M 


4.4.- 
4.4.- 
8.-.- 
8.-.- 


ORCF 


BW- 
BW- 
B — 
B-- 


ORCF #4,r 
ORCF A , r 
ORCF #3, (mem) 
ORCF A ,(mem) 


C8+zz+r 
C8+zz+r 
BO+mem 
BO+mem 


21: #4 
29 

88+#3 
29 


CY <- CY or r<#4> 
CY <- CY or r<A> 
CY CY or (mem)<#3> 
CY +• CY or (mem)<A> 


* 
* 
* 


3 
2 

2+M 
2+M 


4.4.- 
4.4.- 
8.-.- 
8.-.- 


XORCF 


BW- 
BW- 
B — 
B~ 


XORCF #4,r 
XORCF A , r 
XORCF #3, (mem) 
XORCF A , (mem) 


C8+zz+r 
C8+zz+r 
BO+mem 
BO+mem 


22: #4 
2A 

90+#3 
2A 


CY <- CY xor r<#4> 
CY <- CY xor r<A> 
CY <- CY xor (mem)<#3> 
CY <- CY xor (mem)<A> 


_* 
— * 
* 

_ __* 


3 
2 

2+M 
2+M 


4.4.- 
4.4.- 
8.-.- 
8.-.- 


RCF 
SCF 
CCF 
ZCF 


— 


RCF 
SCF 
CCF 
ZCF 


10 
11 
12 
13 


CY +- 

C Y <- 1 

CY <- not CY 

CY <- not Z flag 


--0-00 
--0-01 

--x-o* 

--X-0* 


1 
1 
1 
1 


2 
2 
2 
2 


BIT 


BW- 
B-- 


BIT #4,r 
BIT #3, (mem) 


C8+zz+r 
BO+mem 


33: #4 
C8+#3 


Z <- not r<#4> 

Z <- not (mem)<#3> 


xnxo- 

X*1X0- 


3 

2+M 


4.4.- 
8.-.- 


RES 


BW- 
B-- 


RES #4,r 
RES #3, (mem) 


C8+zz+r 
BO+mem 


30: m 
B0+#3 


r<#4> «- 
(mem)<#3> <- 




3 

2+M 


4.4.- 
8.-.- 


SET 


BW- 
B~ 


SET #4,r 
SET #3, (mem) 


C8+zz+r 
BO+mem 


31:#4 
B8+#3 


r<#4> <r l 
(mem)<#3> <- 1 




3 

2+M 


4.4.- 
8.-.- 


CHG 


BW- 
B— 


CHG #4,r 
CHG #3, (mem) 


C8+zz+r 
BO+mem 


32: m 
C0+#3 


r<#4> <- not r<#4> 
(mem)<#3><-not (mem)<#3> 




3 

2+M 


4.4.- 
8.-.- 


TSET 


BW- 
B~ 


TSET #4,r 
TSET #3, (mem) 


C8+zz+r 
BO+mem 


34: #4 
A8+#3 


Z«-not r<#4> : r<#4>*-l 
Z <r not (mem)<#3> 
(mem)<#3> *■ 1 


X*1X0- 
X*1X0- 


3 

2+M 


6.6.- 
10.-.- 


BS1 


-w- 

-W- 


BS1F A,r 
BS1B A,r 


D8+r :0E 
D8+r :0F 


A «- 1 search r; Forward 
A «- 1 search r;Backward 


N — 

N — 


2 
2 


-.4.- 
-.4.- 



Note: Flag N ;0 is set when the bit searched for is found, otherwise 1 is set and an undefined value 
is set in the A register. 
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Appendix B Instruction Lists (9/11) 

(7) Special operations and CPU control 



Group 


Size 


Mnemonic 


Codes (hex.) 


Function 






State 


MflD 
IMUr 




MOD 

IMUr 


n n 


no operation 




1 


o 
C 




NORMAL] 




IMUKI'iHL 




Ch.inyesto notm»il mode. 
SYSM«-0 [privileged ] 




1 
1 


A 




MAX 





MAX 


04 


Changes lo maximum mode 
MAX**! [privileged] 




1 


4 




M T M 
I 111 




mill 




Changes to minimum m<?de. 
MAX^O 




A 
1 


H 




EI 


— 


EI [#3] 


06 :#3 


Sets interrupt enable flag. 
IFF<-#3 [privileged] 




2 


5 




DI 





DI 


06 :07 


Disables interrupt. 
IFF<-7 [privileged] 




2 


5 




PUSH 


-W- 


PUSH SR 


02 


(-XSP)<-SR [privileged] 




1 


-.4.- 




nnn 
rUr 


_\./_ 

W 


nnn C D 
rUr on 


no 
UO 


oK<-^Aor+) [privileged] 




1 
1 


- K - 


OWl 




SWI [#3] 


F8+#3 


Software interrupt 

DI ICU DCQ CD 

rUon rL&oK 

JP 8000H+10Hx#3 




1 


16 




Hfll T 




Ul A 1 T 
nML 1 


UO 


CPU halt {^|i^i]|||j;|i|||| 




I 







LDC 


BWL 

QUI 
DWL 


LDC cr,r 

1 HP r» r* r» 

lul r,cr 


C8+zz+r :2E:cr 
Lo+zz+r : <ir : cr 


cr <- r [privileged] 
r cr [privileged] 




3 

O 
O 


8.8.8 

AAA 






LDX 


B — 


LDX (#8),# 


F7:00:#8:00:#:00 


(#8) *■ # 




6 


9.-.- 




LINK 


--L 


LINK r,dl6 


E8+r :0C:dl6 


PUSH r 

LD r.XSP 

ADD XSP,dl6 




4 


-.-.10 




UNLK 


--L 


UNLK r 


E8+r :0D 


LD XSP.r 
POP r 




2 


-.-.8 




LDF 




LDF #3 


17 :#3 


Sets register bank. 

RFP«- #3 (Oat reset) 




2 


2 




INCF 




INCF 


OC 


Switches register banks. 
RFP<- RFP + 1 




1 


2 




DECF 




DECF 


0D 


Switches register banks. 
RFP*- RFP - 1 




1 


2 




sec 


BW- 


SCC cc,r 


C8+zz+r :70+cc 


if cc then r <- 1 
else r «- 




2 


6.-6.- 





Note 1: When operand #3 coding in the EI instruction is omitted, is used as the default value. 
Note 2: When operand #3 coding in the SWI instruction is omitted, 7 is used as the default value. 
Note 3: The value in the state column for the SWI instruction represents the number of states 

when the CPU is in minimum mode. In maximum mode, add + 2. 
Note 4: NORMAL and MAX instruction exist only in 90G_CPU, and MUX inslnii-limi exists «mly in; 

The privileged instruction is for the 900 m CPU. 
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Appendix B Instruction Lists (1 0/1 1) 
(8) Rotate and shift 



Group 


Size 


Mnemonic 


Codes (hex.) 


Function 


SZHVNC 




State 


RLC 


BWL 
BWL 
BW- 


RLC #4,r 
RLC A,r 
RLC<W> (mem) 


C8+zz+r :E8:#4 
C8+zz+r :F8 
80+zz+mem:78 


I | 
I CY MMSB<-0r— 


**0P0* 
**0P0* 
* * 0P0* 


3 
2 

2+M 


6.6.8+2n 
6.6.8+2n 
8.8.- 


RRC 


BWL 
BWL 
BW- 


RRC #4 , r 
RRC A,r 
RRC<W> (mem) 


C8+zz+r :E9:#4 
C8+zz+r :F9 
80+zz+mem:79 


I I 

MSB^O M CY | 


**0P0* 
**0P0* 
**0P0* 


3 
2 

2+M 


6.6.8+2n 
6.6.8+2n 
8.8.- 


RL 


BWL 
BWL 
BW- 


RL #4 , r 
RL A,r 
RL<W> (mem) 


C8+zz+r :EA:#4 
C8+zz+r : FA 
80+zz+mem:7A 


| I 
I CY MMSB«-0h— 1 


**0P0* 
**0P0* 
**0P0* 


3 
2 

2+M 


6.6.8+2n 
6.6.8+2n 
8.8.- 


RR 


BWL 
BWL 
BW- 


RR #4,r 
RR A, r 
RR<W> (mem) 


C8+zz+r :EB:#4 
C8+zz+r :FB 
80+zz+mem:7B 


1 | 
L-H MSB^O M CY | 


**0P0* 
**0P0* 
**0P0* 


3 
2 

2+M 


6.6.8+2n 
6.6.8+2n 
8.8.- 


SLA 


BWL 
BWL 
BW- 


SLA #4,r 
SLA A,r 
SLA<W> (mem) 


C8+zz+r :EC:#4 
C8+zz+r :FC 
80+zz+mem:7C 




**0P0* 
* * 0P0* 
**0P0* 


3 
2 

2+M 


6.6.8+2n 
6.6.8+2n 
8.8.- 


SRA 


BWL 
BWL 
BW- 


SRA #4,r 
SRA A,r 
SRA<W> (mem) 


C8+zz+r :ED:#4 
C8+zz+r :FD 
80+zz+mem:7D 


i 1 MSB^O H CY | 

1 f 


**0P0* 
**0P0* 
**0P0* 


3 
2 

2+M 


6.6.8+2n 
6.6.8+2n 
8.8.- 


SLL 


BWL 
BWL 
BW- 


SLL #4,r 
SLL A,r 
SLL<W> (mem) 


C8+zz+r :EE:#4 
C8+zz+r :FE 
80+zz+mem:7E 


I LY |-<ilVI5t5<— U |-<- U 


**0P0* 

* * QPQ 

**0P0* 


3 
2 

2+M 


6.6.8+2n 
6.6.8+2n 
8.8.- 


SRL 


BWL 
BWL 
BW- 


SRL #4,r 
SRL A,r 
SRL<W> (mem) 


C8+zz+r :EF:#4 
C8+zz+r :FF 
80+zz+mem:7F 


-HMSB^OM CY | 


* * 0P0* 
**0P0* 
**0P0* 


3 
2 

2+M 


6.6.8+2n 
6.6.8+2n 
8.8.- 


RLD 


B — 


RLD [A,](mem) 


80+mem :06 


Areqf mem \ 
1 7-4 13-0 11 7-4 | 3-0 1 

{ y { \ 


**0P0- 


2+M 


12.-.- 


RRD 


B— 


RRD [A,] (mem) 


80+mem :07 


Areqj mem f 
17-4 13-0 117-4 13-0 1 

1 u t 


**0P0- 


2+M 


12.-.- 



Note 1: When #4/A is used to specify the number of shifts, modulo 16 (0 to 15) is used. Code 
means 16 shifts. 

Note 2: When the following instructions are used in the TLCS-90, the S, Z and V flags do not 
change. 

RLCA, RRCA, RLA, RRA, SLAA, SRAA, SLLA, and SRLA 
In the TLCS-900, these flags change. 
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Appendix B Instruction Lists (1 1/11) 
(9) Jump, call and return 



Group 



Size 



Mnemonic 



Codes (hex.; 



Function 



SZHVNC 



ft??,* 



e 



State 



JP 



JP #16 
JP #24 

JR [cc,]$+2+d8 
JRL [cc,]$+3+dl6 
JP [cc,]mem 



1A 


#16 


IB 


#24 


60+cc 


d8 


70+cc 


dl6 


BO+mem 


DO+cc 


1C 


#16 


ID 


#24 


IE 


dl6 


BO+mem 


EO+cc 



PC <- #16 
PC *- #24 

if cc then PC «- PC+d8 

if cc then PC <- PC+dl6 

if cc then PC «- mem 



3 
4 
2 
3 

2+M 



7 
7 

8/4 (T/F) 
8/4 (T/F) 
9/6 (T/F) 



CALL 



CALL #16 
CALL #24 
CALR $+3+dl6 
CALL [cc,]mem 



PUSH PC 
PUSH PC 
PUSH PC 
if cc then 
PUSH PC 



JP #16 
JP #24 
JR $+3+dl6 

JP mem 



3 
4 
3 

2+M 



12 
12 
12 

12/6 (T/F) 



DJNZ 



BW- 



DJNZ [r,J$+3+d8 



C8+zz+r :lC:d8 



r<-r-l 

if r*0 then JR $+3+d8 



11 (r*0) 
7 (r=0) 



RET 



RET 

RET cc 
RETD dl6 
RETI 



:F0+cc 
:dl6 



POP PC 

if cc then POP PC 
RET : ADD XSP,dl6 
POP SR&PC [privileged] 



12/6 (T/F) 

9 
12 



Note 1: The value in the state column for the CALL, CALR, RET, RETD, and RETI instructions 
represents the number of states when the CPU is in minimum mode. In maximum mode, 
add + 2. 

Note 2: (T/F) represents the number of states at true/false. 
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Appendix C Instruction Code Maps (1/4) 



1-byte op code instructions 



H/L 





1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 





NOP 


NORMAL 


PUSH 
SR 


POP 
SR 


MAX 


HAH 


El 
n 


RETI 


LD 
(n),n 


PUSH 
n 


LDW 
(n) , nn 


PUSHW 
nn 


INCF 


DECF 


RET 


RETD 
dd 


1 


RCF 


SCF 


CCF 


ZCF 


PUSH 
A 


POP 
A 


EX 
F, F' 


LDF 
n 


PUSH 
F 


POP 
F 


JP 
nn 


JP 
nnn 


CALL 
nn 


CALL 
nnn 


CALR 
PC + dd 




2 








LD 


R, n 














PUSH 


RR 








3 








LD 


RR, nn 














PUSH 


XRR 








4 








LD 


XRR, nnnn 












POP 


RR 








5 










POP 


XRR 








6 


F 


LT 


LE 


ULE 


PE/OV 


M/MI 


Z 


JR 
C 


cc,PC + d 
(T) GE 


GT 


UGT 


PO/NOV 


P/PL 


NZ 


NC 


7 


F 


LT 


LE 


ULE 


PE/OV 


M/MI 


z 


JRL 
C 


cc,PC + dd 
(T) GE 


GT 


UGT 


PO/NOV 


P/PL 


NZ 


NC 


8 


(XWA) 


(XBC) 


(XDE) 


src. B 
(XHL) (XIX) 


(XIY) 


(XIZ) 


(XSP) 


(XWA 
+ d) 


(XBC 

+ d) 


(XDE 
+ d) 


src. B 
(XHL (XIX 
+ d) +d) 


(XIY 
+ d) 


(XIZ 
+ d) 


(XSP 
+ d) 


9 


(XWA) 


(XBC) 


(XDE) 


src.W 
(XHL) (XIX) 


(XIY) 


(XIZ) 


(XSP) 


(XWA 

+ d) 


(XBC 

+ d) 


(XDE 
+ d) 


src.W 
(XHL (XIX 
+ d) +d) 


(XIY 
+ d) 


(XIZ 
+ d) 


(XSP 
+ d) 


A 


(XWA) 


(XBC) 


(XDE) 


src. L 
(XHL) (XIX) 


(XIY) 


(XIZ) 


(XSP) 


(XWA 
+ d) 


(XBC 
+ d) 


(XDE 

+ d) 


src 
(XHL 
+ d) 


. L 

(XIX 

+ d) 


(XIY 
+ d) 


(XIZ 

+ d) 


(XSP 
+ d) 


B 


(XWA) 


(XBC) 


(XDE) 


dst 

(XHL) (XIX) 


(XIY) 


(XIZ) 


(XSP) 


(XWA 

+ d) 


(XBC 
+ d) 


(XDE 

+d) 


dst 

(XHL (XIX 
+ d) +d) 


(XIY 
+ d) 


(XIZ 
+ d) 


(XSP 
+ d) 


C 


(n) 


(nn) 


src 
(nnn) 


. B 

(mem)i( - xrr) .(xrr + ) 




reg. B 
r 


w 


A 


B 


reg 

C 


• B 

D 


E 


H 


L 


D 


(n) 


(nn) 


src.W 

(nnn) i(mem)i(-xrr)i(xrr + ) 




reg. W 
rr 


WA 


BC 


DE 


reg. W 
HL IX 


IY 


IZ 


SP 


E 


(n) 


(nn) 


src 
(nnn) 


. L 

(mem) |(- xrr) 


(xrr + ) 




reg. L 
xrr 


XWA 


XBC 


XDE 


reg. L 
XHL XIX 


XIY 


XIZ 


XSP 


F 


(n) 


(nn) 


dst 

(nnn) |(mem) 


(-xrr)|(xrr + ) 




LDX 
(n),n 





1 


2 


SWI 
3 


n 

4 


5 


6 


7 



Note 1: Codes in shaded parts are privileged instructions, (The case of SOO^CPU) 
Note 2: Codes in blank parts are undefined instructions (i.e., illegal instructions). 
Note 3: NORMAL instruction 

This instruction exists only in 900_CPU and it is privileged instruction. This instruction 

doesn't exist in 900'L_CPU and this code (01 ID becomes to undefined instruction. 
Note A: MAX/MIN instruction 

MAX instruction exists only in 900_CPl' and it ia privileged instruction. iMIN instruction 

exists only in 900 L_CPU. 
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Appendix C Instruction Code Maps (2/4) 



1st byte: reg 



H/L 





1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


c 


D 


E 


F 









LD 
r,# 


PUSH 
r 


POP 
r 


CPL 
BW 

r 


NEG 
BW 

r 


MUL MULS DIV DIVS 
BW 

rr,# rr,# rr,# rr,# 


LINK L 
r,dd 


UNLK L 
r 


BS1F BS1B 
W 

A, r A, r 


1 


DAAB 
r 




EXTZ 
WL 

r 


EXTS 
WL 

r 


PAA 
WL 

r 




MIRR 
W 

r 






MULA 
W 


X 


X 


DJNZ 
BW 

r,d 






2 


ANDCF ORCF XORCF LDCF STCF 
BW 

#, r #, r #, r #, r #, r 




ANDCF ORCF XORCF LDCF STCF 
BW 

A, r A, r A, r A, r A, r 




LDC LDC 
cr, r r, cr 


3 


RES SET CHG BIT TSET 
BW 

#, r #,r #,r #, r #, r 




MINC1 MINC2 MINC4 
#, r W 


X 


MDEC1 MDEC2 MDEC4 
#, r W 


X 


4 


MUL R, r BW 


MULS R, r BW 


5 


DIV R, r BW 


DIVS R, r BW 


g 


INC #3, r 

8 12 3 4 5 6 7 


DEC #3, r 

8 1 2 3 4 5 6 7 




SCC cc, r §W 
F LT LE ULE PE/OV M/MI Z C (T) GE GT UGT PO/NOV P/PL NZ NC 


g 


ADD R, r 


LD R, r 


g 


ADC R, r 


LD r, R 




SUB R, r 


LD r, #3 

1 2 3 4 5 6 7 


B 


SBC R, r 


EX R, r BW 


C 


AND R, r 


ADD ADC SUB SBC AND XOR OR CP 
r,# r,# r,# r, # r, # r, # r, # r, # 


D 


XOR R, r 


CP r, #3 BW 
1 2 3 4 5 6 7 


E 


OR R, r 


RLC RRC RL RR SLA SRA SLL SRL 
#, r #, r #, r #, r #, r #, r #, r #, r 


F 


CP R, r 


RLC RRC RL RR SLA SRA SLL SRL 
A, r A, r A, r A, r A, r A, r A, r A, r 



r : Register specified by the 1st byte code. (Any GPU registers can be specified.) 

R : Register specified by the 2nd byte code. (Only eight current registers can be specified.) 

B : Operand size is a byte. 

W : Operand size is a word. 

L : Operand size is a long word. 

Note : Dummy instructions are assigned to codes 1AH, 1BH, 3BH, and 3FH. Do not use them. 
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Appendix C Instruction Code Maps (3/4) 
1st byte: src (mem) 



H/L 


12 3 


4 


5 


6 7 


8 


9 


A B C D E F 


o 




PUSH 
BW 

(mem) 




RLD RLDB 
A, (mem) 




1 


LDI LDIR LDD LDDR 
BW 


CPl CPIR CPD CPDR 
BW 




LD BW 
(nn), (m) 




2 


LD R, (mem) 




3 


EX (mem), R BW 


ADD ADC SUB SBC AND XOR OR CP BW 
(mem) ,# 


4 


MUL R, (mem) BW 


MULS R, (mem) BW 


5 


DIV R, (mem) BW 


DIVS R, (mem) BW 


6 


INC #3, (mem) BW 
8 1 2 3 4 5 6 7 


DEC #3, (mem) BW 
8 1 2 3 4 5 6 7 


7 




RLC RRC RL RR SLA SRA SLL SRLBW 
(mem) 


8 


ADD R, (mem) 


ADD (mem), R 


9 


ADC R, (mem) 


ADC (mem), R 


A 


SUB R, (mem) 


SUB (mem), R 


B 


SBC R, (mem) 


SBC (mem), R 


C 


AND R, (mem) 


AND (mem), R 


D 


XOR R, (mem) 


XOR (mem), R 


E 


OR R, (mem) 


OR (mem), R 


F 


CP R, (mem) 


CP (mem), R 



B : Operand size is a byte. 
W : Operand size is a word. 
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Appendix C Instruction Code Maps (4/4) 



1st byte: dst (mem) 



H/L 





1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


c 


D 


E 


F 





LDB 
(m),# 




LDW 
(m),# 




POPB 
(mem) 




POPW 
(mem) 






1 




LDB 

(m), (nn) 




LDW 

(m), (nn) 






2 








LDA 


R, mem 






w 


ANDCF 


ORCF 


XORCF LDCF 
A, (mem) 


STCF B 




3 








LDA 


R, mem 






L 




4 








LD 


(mem), R 




B 




5 








LD 


(mem), R 




W 




6 








LD 


(mem), R 




L 




7 






8 





1 


2 


ANDCF #3, (mem) 
3 4 5 


6 


B 

7 





1 


2 


ORCF 
3 


#3, (mem) 
4 5 


6 


B 

7 


9 





1 


2 


XORCF #3, (mem) 
3 4 5 


6 


B 

7 





1 


2 


LDCF 
3 


#3, (mem) 
4 5 


6 


B 

7 


A 





1 


2 


STCF 
3 


#3, (mem) 
4 5 


6 


B 

7 





1 


2 


TSET 
3 


#3, (mem) 
4 5 


6 


B 

7 


B 





1 


2 


RES 
3 


#3, (mem) 
4 5 


6 


B 

7 





1 


2 


SET 
3 


#3, (mem) 
4 5 


6 


B 

7 


C 





1 


2 


CHG 
3 


#3, (mem) 
4 5 


6 


B 

7 





1 


2 


BIT 
3 


#3, (mem) 
4 5 


6 


B 

7 


D 


F 


LT 


LE 


ULE 


PE/OV 


M/MI 


Z 


JP 
C 


cc, mem 
(T) 


GE 


GT 


UGT 


PO/NOV 


P/PL 


NZ 


NC 


E 


F 


LT 


LE 


ULE 


PE/OV 


M/MI 


Z 


CALL 
C 


cc, mem 
(T) GE 


GT 


UGT 


PO/NOV 


P/PL 


NZ 


NC 


F 


F 


LT 


LE 


ULE 


PE/OV 


M/MI 


z 


RET 
C 


cc 
(T) 


(1st byte code is BOH 

GE GT UGT 


.) 

PO/NOV 


P/PL 


NZ 


NC 



B : Operand size is a byte. 

W : Operand size is a word. 

L : Operand size is a long word. 
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Appendix D Differences between TLCS-90 and TLCS-900 Series 



— Series 
Item — — — 


TLCS-90 


TLCS-900 


CPU architecture 
Built-in ROM/built-in RAM 
Built-in I/O 
External data bus 


8-bit CPU 
8-bit data bus 
8-bit data bus 
8-bit data bus 


16-bit CPU 

16-bit data bus 

8-bit data bus 

8-bit/1 6-bit data bus 
(can be mixed) 


Program space 

(except devices with MMU) 


64KB 


16MB (linear) 


Instruction set/instruction 
mnemonic 


TLCS-90 


TLCS-90 + a 

a= enhancement of 16-bit multiply/ 
divide instructions and bit 
operation instruction. 32-bit 
load/operation instructions, 
C compiler instructions, register 
bank operation instructions, etc. 


Instruction code 
(object code) 


Unique to TLCS-90 


Unique to TLCS-900 
(Different from TLCS-90.) 


Addressing mode 


TLCS-90 


TLCS-90 + a 
a = (-Reg),(Reg + ), 
(Reg + disp16), 
(Reg + Reg16), 
(nnn) 


General-purpose register 


TLCS-90 


TLCS-90 + a 

a= Uses as 32 bits and register bank, 
and adds a system stack pointer. 


Flag (F) 






S Z 1 H X V N C 


S Z "0" H "0" V N C 




I flag is extended to IFF2 to of 
status register.X flag is deleted. 


Reset 


PC<-0000H 

(SP does not change.) 


PC <- 8000H 
XSP <- 100H 


Built-in ROM address 
Built-in RAM address 
Built-in I/O address 
Direct addressing area (n) 


0000H- 
-FFxxH 
FFxxH-FFFFH 
FFOOH-FFFFH 


8000H- 
0080H- 
0000H-007FH 
0000H-00FFH 


Interrupt 

1 nterru pt sta rt add ress 

Register to be saved 
Mask register 
Mask level 


0OOOH + (8xV) 

PC & AF 
IFF 
0-1 


Vector base address + 4 x V [900L_CPU] 
8000H + (1 OH x V) [900_CPU] 
PC & SR 
IFF2-0 
0-7 
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~~ — — Series 
Item ~~ ' — 




TLCS-90 


TLCS-900 


Instruction 








© ADD R, r (word type) 




S/Z/V flags don't change. 


S/Z/V flag changes. 






I - S/Z/V flag changes expect add — 1 








|_ 16 bit register. _| 




<2> Shift of A register 




r RLCA 


S/Z/V flag changes. 






RRCA 








RLA 








RRA 








SLAA 








SRAA 








SLLA 








SRLA J 








S/Z/V flags don't change in these 








instruction. 








r RLC A 








RRC A 








RL A 








RR A 








SLA A 








SRA A 








SLL A 








SRL A J 








S/Z/V flag changes in these 








instruction. 
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Note : The TLCS-900 series is essentially the same as the TLCS-90 series but with a 16-bit 
CPU. Built-in I/Os are completely compatible with those of the TLCS-90. 
However, six types of instructions used in the TLCS-90 series do not directly 
correspond with those used in the TLCS-900 series. Thus, when transfering programs 
designed for the TLCS-90 to the TLCS-900, replace them with equivalents as follows: 



Instructions in TLCS~90 


Ecjuivslcnt instructions in 


but not in TLCS-900 


TLCS-900 


EXX 


EX BC, BC 




EX DE, DE' 




EX HL, HL' 


EX AF, AF' 


EX A, A' 




EX F, F' 


PUSH AF 


PUSH A 




PUSH F 


POP AF 


POP F 




POP A 


INCX 


(32-bit INC instruction) 


DECX 


(32-bit DEC instruction) 



Some TLCS-900 series instructions, though basically the same as TLCS-90 
instructions, have more functions and more specification items in their operands. 
They are listed below. 



TLCS-90 


TLCS-900 


INC 


reg 


INC 


imm3, reg 


INC 


mem 


INC 


imm3, mem 


DEC 


reg 


DEC 


imm3, reg 


DEC 


mem 


DEC 


imm3, mem 


RLC 


reg 


RLC 


imm, reg 


RRC 


reg 


RRC 


imm, reg 


RL 


reg 


RL 


imm, reg 


RR 


reg 


RR 


imm, reg 


SLA 


reg 


SLA 


imm, reg 


SRA 


reg 


SRA 


imm, reg 


SLL 


reg 


SLL 


imm, reg 


SRL 


reg 


SRL 


imm, reg 
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CMOS 16-bit MICROCONTROLLERS 
TMP96C141F 
1. OUTLINE AND DEVICE CHARACTERISTICS 

TMP96C141F is high-speed advanced 16-bit microcontrollers developed for 
controlling medium to large-scale equipment. The TMP96C141 does not have a ROM, 
the TMP96CM40F has a built-in ROM, and the TMP96PM40 has a built-in OTP. 

TMP96C141F is housed in an 80-pin flat package. 
Device characteristics are as follows: 

(1) Original 16-bit CPU 

• TLCS-90 instruction mnemonic upward compatible. 

• 16M-byte linear address space 

• General-purpose registers and register bank system 

• 16-bit multiplication / division and bit transfer/arithmetic instructions 

• High-speed micro DMA : 4 channels (1.6 ^s/2 bytes @20MHz) 

(2) Minimum instruction execution time : 200ns @20MHz 

(3) Internal RAM : 1Kbyte 
Internal ROM : None 

(4) External memory expansion 

• Can be expanded up tol6M bytes (for both programs and data). 

• Can mix 8- and 16-bit external data buses. 



2 channels 

2 channels 

2 channels 

4 bits, 2 channels 

2 channels 

4 channels 



(5) 8-bit timers 

(6) 8-bit PWM timers 

(7) 16-bit timers 

(8) Pattern generators 

(9) Serial interface 

( 1 0) 1 0-bit A/D converter 

(11) Watchdog timer 

(12) Chip select/wait controller : 3 blocks 

(13) Interrupt functions 

• 3 CPU interrupts SWI instruction, priviledged violation, and Illegal 

instruction 

• 14 internal interrupts I _ , , . . . 

_ n , i • , , 7-level priority can be set. 

• 6 external interrupts | r J 

(14) I/O ports 

(15) Standby function : 3 halt modes (RUN, IDLE, STOP) 
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(ANO) P50 ■ 
(AN1) P51 ■ 
(AN2) P52 ■ 
(AN 3) P53 ■ 
VREF- 
AGND ■ 



(TXDO) P90 " 
( RXDO ) P91 • 
(CTSO) P92 - 

(TXD1) P93 ■ 
(RXD1)P94- 
(SCLK1) P95- 



(PG 00) P60 
(PG 01) P61 
(PG 02) P62 
(PG 03) P63 
(PG 10) P64 
(PG 1 1) P65 
(PG 12) P66 
(PG 13) P67 



(TIO) P70- 
(T01)P71- 

(T02) P72- 
(T03) P73- 



(INT4/TI4) P80- 
(INT5/TI5) P81 - 
(T04) P82 - 
(T05) P83 - 

(INT6/TI6) P84- 
(INT7/TI7) P85- 
(T06) P86- 

(INTO) P87- 



1 0-BIT 4CH 

A/D 
CONVERTER 



SERIAL I/O 
(CH.O) 



SERIAL I/O 
(CH.1) 



PATTERN 
GENERATOR 
(CH.O) 



PATTERN 
GENERATOR 
(CH.1) 



8BITTIMER 
(TIMER 0) 



8BITTIMER 
(TIMER 1) 



8BITPWM 
(TIMER 2) 



8BITPWM 
(TIMER 3) 



16BIT TIMER 
(TIMER 4) 



16BIT TIMER 
(TIMER 5) 




32KB ROM 
(TMP96CM40) 



32KB PROM 
(TMP96PM40) 



osc 



INTERRUPT 
CONTROLLER 



WATCH-DOG 
TIMER 



PORTO 



PORT 2 



CSA/VAIT 
CONTROLLER 
(3-BLOCK) 



VCC [2] 
VSS [3] 

X1 
X2 



-P00-P07 
(AD0-AD7) 



-P10~P17 

(AD8-AD15/A8-A15) 



-P20-P27 
(A0-A7/A16-A23) 




-P40(CSO/CAS0) 
-P41(CS1/CAS1) 
-P42(CS2/CAS2) 



Figurel TMP96C141 Block Diagram 
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2. PIN ASSIGNMENT AND FUNCTIONS 

The assignment of input / output pins for TMP96C141, their name and outline 
functions are described below. 

2.1 Pin Assignment 

Figure 2.1 shows pin assignment of TMP96C141F. 



(AN0)P50 
(AN1)P51 
(AN2)P52 
(AN3)P53 
VCC 
VREF 
AGND 
VSS 

(PG00)P60 
(PG01)P61 
(PG02)P62 
(PG03)P63 
(PG10)P64 
(PG11)P65 
(PG12)P66 
(PG13)P67 
(TI0)P70 
(TODP71 
(T02)P72 
(T03)P73 
(IIMT4ATI4)P80 
(INT5/TI5)P81 
(T04)P82 
(T05)P83 
(INT6/TI6)P84 
(INT7fl"l7)P85 
(T06)P86 
(INT0)P87 
NMT 



73- 
74- 
75- 
76- 
77- 
78- 
79- 
80- 



WDTOUT 



RESET 
CLK 

VSS 
X1 
X2 
EA 

(TXD0)P90 
( RXD0 )P91 
(CTS0)P92 
(TXD1)P93 



m 

3-C 
4^ 
5~C 

6- C 

7- C 

8- C 
9^ 

10— C 

11— c 

12- C 

13- C 

14— [J 

15- C 

16- C 

17- C 

18— C 

19— H 

20— C 

21- C 

22- ^ 

23— £ 
24^ 



1 



-72 
-71 
-70 
-69 
-68 
-67 
-66 
-65 



Top View 
QFP80 



25- 
26- 
27- 
28- 
29- 
30- 
31- 
32- 



UUUUUUULJLJUUULJLJ 



3—64 
>-63 
>62 
3-61 
J-60 
J— 59 
J— 58 
2~57 
J— 56 
J— 55 
>54 
J— 53 
>52 
>51 
D-50 
J- 49 
J- 48 
>47 
>-46 
^45 
>-44 
D-43 
>42 
>- 41 



-40 
-39 
-38 
-37 
-36 
-35 
-34 
-33 



P42(CS2/CAS2) 

P4K CS1/CAS1 ) 

P40(CS0/CAS0) 

P37(RAS) 

P36( RA/V) 

P35( BUSAK) 

P34( BUSRQ ) 

P33(WAIT) 

P32(HWR) 

P31(WR) 

P30(RD) 

P27(A7/A23) 

P26(A6/A22) 

P25(A5/A21) 

P24(A4/A20) 

P23(A3/A19) 

P22(A2/A18) 

P21(A1/A17) 

P20(A0/A16) 

VSS 

P17(AD15/A15) 

P16(AD14/A14) 

P15(AD13/A13) 

P14(AD12/A12) 

P13(AD11/A11) 

P12(AD10/A10) 

P11(AD9/A9) 

P10(AD8/A8) 

P07(AD7) 

P06(AD6) 

P05(AD5) 

P04(AD4) 

P03(AD3) 

P02(AD2) 

P01(AD1) 

P00(AD0) 

VCC 

ALE 

P95(SCLK1) 
P94(RXD1) 



Note : Because the TMP96C141 has an external ROM, POO to P17 pins are fixed to ADO 
to AD15; P30 to RD; and P31 to WR. 



Figure 2.1 Pin Assignment (80-pin QFP) 
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2.2 Pin Names and Functions 

The names of input/output pins and their functions are described below. 
Table 2.2 Pin Names and Functions. 



Pin name 


Number 
of pins 


I/O 


Functions 


P00-P07 
ADU~AD7 


8 


I/O 

Tri -state 


Port 0: I/O port that allows I/O to be selected on a bit basis 
Address/data (lower): 0-7 for address/data bus 


P10-P17 
AL)o~AL)l D 
A8-A15 


8 


I/O 

Tri-state 
Output 


Port 1 : I/O port that allows I/O to be selected on a bit basis 
Address data (upper): 8-15 for address/data bus 
Address: 8 to 15 for address bus 


m r\ m "7 

P20~P27 

A0-A7 
A16-A23 


8 


I/O 

Output 
Output 


Port 2: I/O port that allows selection of I/O on a bit basis 
(with pull-down resistor) 
Address: - 7 for address bus 
Address: 16 - 23 for address bus 


P30 
RD 


1 


Output 
Output 


Port 30: Output port 

Read: Strobe signal for reading external memory 


P31 

Wr 


1 


Output 
Output 


Port 31: Output port 

Write: Strobe signal for writing data on pins ADO - 7 


P32 
HWR 


1 


I/O 
Output 


Port 32: I/O port (with pull-up resistor) 

High write: Strobe signal for writing data on pins AD8 - 1 5 


P33 
WAIT 


1 


I/O 
Input 


Port 33: I/O port (with pull-up resistor) 
Wait: Pin used to request CPU bus wait 


P34 
BUSRQ 


1 


I/O 
Input 


Port34: I/O port (with pull-up resistor) 

Bus request: Signal used to request high impedance for ADO - 1 5, 
AO - 23, RD, WR,HWR, R/W, RAS, CSO, CS1, and CS2 pins. 
(For external DMAC) 


P35 
BUSAK 


1 


I/O 
Output 


Port 35: I/O port (with pull-up resistor) 
Bus acknowledge: Signal indicating that ADO-15, A0-23, RD, 
WR,HWR, R/W, RAS, CSO, CS1, and CS2 pins are at high impedance 
after receiving BUSRQ. (For external DMAC) 


P36 
R/W 


1 


I/O 
Output 


Port 36: I/O port (with pull-up resistor) 

Read/write: 1 represents read or dummy cycle; 0, write cycle. 


P37 
RAS 


1 


I/O 
Output 


Port 37: I/O port (with pull-up resistor) 

Row address strobe: Outputs RAS strobe for DRAM. 


P40 
CSO 

CASO 


1 


I/O 
Output 

Output 


Port 40: I/O port (with pull-up resistor) 

Chip select 0: Outputs when address is within specified address 
area. 

Column address strobe 0: Outputs CAS strobe for DRAM when 
address is within specified address area. 



Note : With the external DMA controller, this device's built-in memory or built-in I/O cannot be 
accessed using the BUSRQ and BUSAK pins. 
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Pin name 


Number 
of pins 


I/O 


Functions 


P41 
CST 
CAS1 


1 


I/O 
Output 
Output 


Port 41 : I/O port (with pull-up resistor) 

Chip select 1 : Outputs if address is within specified address area. 
Column address strobe 1: Outputs CAS strobe for DRAM if address 
is within specified address area. 


P42 
CS2 
CAS2 


1 


I/O 
Output 
Output 


Port 42: I/O port (with pull-down resistor) 

Chip select 2: Outputs if address is within specified address area. 
Column address strobe 2: Outputs CAS strobe for DRAM if address 
is within specified address area. 


P50-P53 
AN0-AN3 


4 


Input 
Input 


Port 5: Input port 

Analog input: Input to A/D converter 


VREF 


1 


Input 


Pin for reference voltage input to A/D converter 


AGND 


1 


Input 


Ground pin for A/D converter 


P60~P63 
PG00-PG03 


4 


I/O 
Output 


Ports 60-63: I/O ports that allow selection of I/O on a bit basis 

(with pull-up resistor) 

Pattern generator ports: 00-03 


P64-P67 
PG10-PG13 


4 


I/O 
Output 


Ports 64 - 67: I/O ports that allow selection of I/O on a bit basis 

(with pull-up resistor) 

Pattern generator ports: 10-13 


P70 
TIO 


1 


I/O 
Input 


Port 70: I/O port (with pull-up resistor) 
TimerinputO: TimerO input 


P71 
T01 


1 


I/O 
Output 


Port 71: I/O port (with pull-up resistor) 
Timer output 1 : Timer or 1 output 


P72 
TO 2 


1 


I/O 
Output 


Port 72: I/O port (with pull-up resistor) 
PWM output 2: 8-bit PWM timer 2 output 


P73 
TO 3 


1 


I/O 
Output 


Port 73: I/O port (with pull-up resistor) 
PWM output 3: 8-bit PWM timer 3 output 


P80 
TI4 
INT4 


1 


I/O 
Input 
Input 


Port 80: I/O port (with pull-up resistor) 
Timerinput4: Timer 4 count/capture trigger signal input 
Interrupt request pin 4: Interrupt request pin with programmable 
rising/falling edge 


P81 
TI5 
INT5 


1 


I/O 
Input 
Input 


Port 81 : I/O port (with pull-up resistor) 

Timer input 5: Timer 4 count/capture trigger signal input 

Interrupt request pin 5: Interrupt request pin with rising edge 


P82 
T04 


1 


I/O 
Output 


Port 82: I/O port (with pull-up resistor) 
Timer output4: Timer 4 output pin 


P83 
TO 5 


1 


I/O 
Output 


Port 83: I/O port (with pull-up resistor) 
Timer output 5: Timer 4 output pin 
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Pin name 


Number 
ot pins 


I/O 


Functions 


P84 
TI6 
INT6 




I/O 
Input 
Input 


Port 84: I/O port (with pull-up resistor) 
Timer input 6: Timer 5 count/capture trigger signal input 
Interrupt request pin 6: Interrupt request pin with 
programmable rising/falling edge 


P85 
TI7 
INT7 




I/O 
Input 
Input 


Port 85: I/O port (with pull-up resistor) 

Timer input 7: Timer 5 count/capture trigger signal input 

Interrupt request pin 7: Interrupt request pin with rising edge 


P86 
TO 6 




I/O 
Output 


Port 86: I/O port (with pull-up resistor) 

Timpr otitnut fi* Timpr ^ niitnnt nin 


P87 
INTO 




I/O 
1 n p ut 


Port 87: I/O port (with pull-up resistor) 

Intprrunt rpmiP^t nin D* IntPrnint rpnupct nin with 

1 1 1 IC 1 1 U[JU CljUCll [Jill U, Ml LC i 1 U|Jl ICUUCM (Jill VV III! 

programmable level/rising edge 


P90 
TXDO 




I/O 
Output 


Port QO* I/O nnrt fwith null-iin rPQi^tnr^ 

Serial send data 


P91 
RXDO 




I/O 
Input 


Pnrt Q1 ■ I/O nnrt fwith niill-iin rpcictnr^ 

Serial receive data 


P92 
CTS0 




I/O 
Input 


Port 92: I/O port (with pull-up resistor) 
Serial data send enable (Clearto Send) 


P93 
TXD1 


1 


I/O 
Output 


Port 93: I/O port (with pull-up resistor) 
Serial send data 1 


P94 
RXD1 


1 


I/O 
Input 


Port 94: I/O port (with pull-up resistor) 
Serial receive data 1 


P95 
SCLK1 




I/O 
I/O 


Port 95: I/O port (with pull-up resistor) 
Serial clock I/O 1 


WDTOUT 


1 


Output 


Watchdog timer output pin 


NMl 


1 


Input 


Non-maskable interrupt request pin: Interrupt request pin with 
falling edge. Can also be operated at rising edge by program. 


CLK 




Output 


Clock output: Outputs TX1t-4J clock. Pulled-up during reset. 


EA 




Input 


External access: should be inputted with TMP96C141 
1, with TMP96CM40/TMP96PM40. 


ALE 




Output 


Address latch enable 


RESET 




Input 


Reset: Initializes LSI. (With pull-up resistor) 


X1/X2 


2 


I/O 


Oscillator connecting pin 


VCC 


2 




Power supply pin ( + 5V) 


VSS 


3 




GNDpin(OV) 



Note : Pull-up/pull-down resistor can be released from the pin by software. 
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3. 



OPERATION 



This section describes in blocks the functions and basic operations of TMP96C141 
device. 

Check the \ 7. Care Points and Restriction J because of the Care Points etc are 
described. 



TMP96C141 device has a built-in high-performance 16-bit CPU (900-CPU). (For 
CPU operation, see TLCS-900 CPU in the previous section.) 

This section describes CPU functions unique to TMP96C141 that are not described in 
the previous section. 



To reset the TMP96C141, the RESET input must be kept at for at least 10 system 
clocks (10 states: 1/us with a 20 MHz system clock) within an operating voltage range 
and with a stable oscillation. 

When reset is accepted, the CPU sets as follows: 

• Program counter (PC) to 8000H. 

• Stack pointer (XSP) for system mode to 100H. 

• SYSM bit of status register (SR) to 1. (Sets to system mode.) 

• IFF2 to bits of status register to 111. (Sets mask register to interrupt level 7.) 

• MAX bit of status register to 0. (Sets to minimum mode) 

• Bits RFP2 to of status register to 000. (Sets register banks to 0.) 

When reset is released, instruction execution starts from address 8000H. CPU internal 
registers other than the above are not changed. 

When reset is accepted, processing for built-in I/Os, ports, and other pins is as follows 

• Initializes built-in I/O registers as per specifications. 

• Sets port pins (including pins also used as built-in I/Os) to general-purpose 
input/output port mode (sets I/O ports to input ports). 

• Sets the WDTOUT pin to 0. (Watchdog timer is set to enable after reset.) 

• Pulls up the CLK pin to 1. 

• Sets the ALE pin to 0. 



3.1 



CPU 



3.1.1 



Reset 
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3.2 Memory Map 

Figure 3.2 is a memory map of the TMP96C141. 



OOOOOOH 
000080H 

000100H 
000480H 



008000H 
008200H 



010000H 



FFFFFFH 



Internal I/O 



Internal RAM 
(IK-byte) 



Interrupt entry area 
(32entriesx 16 byte) 



External memory 
(16M-byte) 



i 

Direct area (n) 
i 



64K-byte area 
(nn) 



16M-byte area 
(R) 
(-R) 
(R + ) 

(R + R8/16) 
(R + d8/16) 
(nnn) 



( | j = Internal area) 



Note : The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the 
system mode side to 100H. 



Figure3.2 Memory map 



MCU900-8 



TOSHIBA 



TMP96C141 



3.3 Interrupts 

TLCS-900 interrupts are controlled by the CPU interrupt mask flip-flop (IFF2 to 0) 
and the built-in interrupt controller. 

TMP96C141 has altogether the following 23 interrupt sources: 



• Interrupts from the CPU" • 3 

(Software interrupts, privileged violations, and Illegal (undefined) 
instruction execution) 

• Interrupts from external pins (NMI, INTO, and INT4 to 7) - • • 6 

• Interrupts from built-in I/Os- • • 14 

A fixed individual interrupt vector number is assigned to each interrupt source; six 
levels of priority (variable) can also be assigned to each maskable interrupt. Non- 
maskable interrupts have a fixed priority of 7. 

When an interrupt is generated, the interrupt controller sends the value of the 
priority of the interupt source to the CPU. When more than one interupt is generated 
simultaneously, the interrupt controller sends the value of the highest priority (7 for 
non-maskable interrupts is the highest) to the CPU. 

The CPU compares the value of the priority sent with the value in the CPU interrupt 
mask register (IFF2 to 0). If the value is greater than that the CPU interrupt mask 
register, the interrupt is accepted. The value in the CPU interrupt mask register (IFF2 
to 0) can be changed using the EI instruction (contents of the EI num/IFF<2:0> = 
num). For example, programming EI 3 enables acceptance of maskable interrupts with 
a priority of 3 or greater, and non-maskable interrupts which are set in the interrupt 
controller. The DI instruction (IFF < 2:0 > = 7) operates in the same way as the EI 7 
instruction. Since the priority values for maskable interrupts are to 6, the DI 
instruction is used to disable maskable interrupts to be accepted. The EI instruction 
becomes effective immediately after execution. (With the TLCS-90, the EI instruction 
becomes effective after execution of the subsequent instruction.) 

In addition to the general-purpose interrupt processing mode described above, there 
is also a high-speed micro DMA processing mode . High-speed micro DMA is a mode 
used by the CPU to automatically transfer byte or word data. It enables the CPU to 
process interrupts such as data saves to built-in I/Os at high speed. 

Figure 3.3 (1) is a flowchart showing overall interrupt processing. 
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^Interrupt Processing^ ) 







Read Interrupt vector V. 
Clear interrupt request F/F. 







/ector V and 
high-speed ^DMA 
^start vector matchi 



YES 



General-purpose 
interrupt processing 



PUSH PC 

PUSH SR 

SR<IFF2~0><- Accepted 
interruput 
level + 1 . 

SR<SYSM>*-1 



End 



Data transfer by 
micro DMA 



COUNT <— COUNT - 1 



(Note!) 



YES 



PC<-V + 8000H 






Interrupt processing 
program 




I 


RETI Instruction 
/ POP SR \ 
\VQ? PC J 











Micro DMA 
processing 



Notel : In read-only mode, 
always branches to NO 
without conditional 
branch. 



Figure3.3 (1) Interrupt Processing Flowchart 
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3.3.1 General-Purpose Interrupt Processing 

When accepting an interrupt, the CPU operates as follows: 

(1) The CPU reads the interrupt vector from the interrupt controller. When more 
than one interrupt with the same level is generated simultaneously, the interrupt 
controller generates interrupt vectors in accordance with the default priority 
(which is fixed as follows: the smaller the vector value, the higher the priority), 
then clears the interrupt request. 

(2) The CPU pushes the program counter and the status register to the system 
stack area (area indicated by the system mode stack pointer). 

(3) The CPU sets a value in the CPU interrupt mask register <IFF2 to 0> that is 
higher by 1 than the value of the accepted interrupt level. However, if the value is 
7, 7 is set without an increment. 

(4) The CPU sets the <SYSM> flag of the status register to 1 and enter the system 
mode. 

(5) The CPU jumps to address 8000H + interrupt vector, then starts the interrupt 
processing routine. 

In minimum mode, all the above processing is completed in 15 States (1.5 jus @20 
MHz). In maximum mode, it is completed in 17 states. 



Bus Width of stack Area 


Interrupt processing state number 


MAX mode 


MIN mode 


8 bit 


23 


19 


16 bit 


17 


15 



To return to the main routine after completion of the interrupt processing, the RETI 
instruction is usually used. Executing this instruction restores the contents of the 
program counter and the status registers. 

Though acceptance of non-maskable interrupts cannot be disabled by program, 
acceptance of maskable interrupts can. A priority can be set for each source of maskable 
interrupts. The CPU accepts an interrupt request with a priority higher than the value 
in the CPU mask register < IFF2 to > . The CPU mask register < IFF2 to > is set to a 
value higher by 1 than the priority of the accepted interrupt. Thus, if an interrupt with 
a level higher than the interrupt being processed is generated, the CPU accepts the 
interrupt with the higher level, causing interrupt processing to nest. The interrput 
request with a priority higher than the accepted now interrupt during the CPU is 
processing above (1)~(5) is accepted before the l'st instruction in the interrupt 
processing routine, causing interrpt processing to nest. (This is the same case of over 
lapped each Non-Maskable interrupt (level "7").) The CPU does not accept an interrupt 
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request of the same level as that of the interrupt being processed. The CPU does not 
accept an interrupt request of the same level as that of the interrupt being processed. 

Resetting initializes the CPU mask registers <IFF2 to 0> to 7; therefore, maskable 
interrupts are disabled. 

The addresses 008000H to 0081FFH (512 bytes) of the TLCS-900 are assigned for 
interrupt processing entry area. 



Table3.3(1) TMP96C141 Interrupt Table 



Default 
priority 


Type 


Interrupt source 


Vector value 
"V" 


Start address 


High-speed 

(II 1 CI U U\v\ A\ 

start vector 


1 




Reset 


, orSWIO instruction 











H 


8 








H 


- 


2 




INTPREV 


Privileged violation, orSWM 








1 


H 


8 


1 





H 


- 


3 




INTUNDEF 


Illegal instruction, orSW!2 








2 


H 


8 


2 





H 


- 


4 


Non- 


SWI 3 instruction 








3 


H 


8 


3 





H 


- 


5 


maskable 


SWI 4 instruction 








4 


H 


8 


4 





H 


- 


6 




SWI 5 instruction 








5 


H 


8 


5 





H 


- 


7 




SWI 6 instruction 








6 


H 


8 


6 





H 


- 


8 




SWI 7 instruction 








7 


H 


8 


7 





H 


- 


9 




NMIPin 










8 


H 


8 


8 





H 


08H 


10 




INTWD 


Watchdog timer 








9 


H 


8 


9 





H 


09H 


11 




INTO pin 










A 


H 


8 


A 





H 


OAH 


12 




INT4pin 










B 


H 


8 


B 





H 


OBH 


13 




INT5 pin 










C 


H 


8 


C 





H 


OCH 


14 




lNT6pin 










D 


H 


8 


D 





H 


ODH 


15 




INT7pin 










E 


H 


8 


E 





H 


OEH 






(Reserved) 










F 


H 


8 


F 





H 


OFH 


16 




INTTO 


8-bit timerO 





1 





H 


8 1 








H 


10H 


17 




INTT1 


8-bittimer1 





1 


1 


H 


8 1 


1 





H 


11H 


18 




INTT2 


8-bit timer2/PWM0 





1 


2 


H 


8 1 


2 





H 


12H 


19 




INTT3 


8-bittimer3/PWM1 





1 


3 


H 


8 1 


3 





H 


13H 


20 




INTTR4 


1 6-bit timer4 (TREG4) 





1 


4 


H 


8 1 


4 





H 


14H 


21 


Maskable 


INTTR5 


1 6-bit timer4(TREG5) 





1 


5 


H 


8 1 


5 





H 


15H 


22 




INTTR6 


1 6-bit timer5 (TREG6) 





1 


6 


H 


8 1 


6 





H 


16H 


23 




INTTR7 


16-bit timer5 (TREG7) 





1 


7 


H 


8 1 


7 





H 


17H 


24 




INTRXO 


Serial receive (Channel. 0) 





1 


8 


H 


8 1 


8 





H 


18H 


25 




INTTXO 


Serial send (Channel. 0) 





1 


9 


H 


8 1 


9 





H 


19H 


26 




INTRX1 


Serial receive (Channel. 1) 





1 


A 


H 


8 1 


A 





H 


1 AH 


27 




INTTX1 


Serial send (Channel. 1) 





1 


B 


H 


8 1 


B 





H 


1BH 


28 




INTAD 


A/D conversion completion 





1 


C 


H 


8 1 


C 





H 


1CH 






(Reserved) 







1 


D 


H 


8 1 


D 





H 


1DH 






(Reserved) 







1 


E 


H 


8 1 


E 





H 


1 EH 






(Reserved) 







1 


F 


H 


8 1 


F 





H 


1FH 
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3.3.2 High-speed Micro DMA 

In addition to the conventional interrupt processing, the TLCS-900 also has a high- 
speed micro DMA function. When an interrupt is accepted, in addition to an interrupt 
vector, the CPU receives data indicating whether processing is high-speed micro DMA 
mode or general-purpose interrupt. If high-speed micro DMA mode is requested, the 
CPU performs high-speed micro DMA processing. 

The TLCS-900 can process at very high speed compared with the TLCS-90 micro 
DMA because it has transfer parameters in dedicated registers in the CPU. Since those 
dedicated registers are assigned as CPU control registers, they can only be accessed by 
the LDC (privileged) instruction. 

(1) High-speed micro DMA operation 

High-speed micro DMA operation starts when the accepted interrupt vector value 
matches the high-speed micro DMA start vector value set in the interrupt controller. 
The high-speed micro DMA has four channels so that it can be set for up to four types of 
interrupt source. 

When a high-speed micro DMA interrupt is accepted, data is automatically 
transferred from the transfer source address to the transfer destination address set in 
the control register, and the transfer counter is decremented. If the value in the counter 
after decrementing is other than 0, high-speed micro DMA processing is completed; if 
the value in the counter after decrementing is 0, general-purpose interrupt processing is 
performed. In read-only mode, which is provided for DRAM refresh, the value in the 
counter is ignored and dummy read is repeated. 

32-bit control registers are used for setting transfer source/destination addresses. 
However, the TLCS-900 has only 24 address for output. A 16M-byte space is available 
for the high-speed micro DMA. 

There are two data transfer modes: one-byte mode and one-word mode. 
Incrementing, decrementing, and fixing the transfer source/destination address after 
transfer can be done in both modes. Therefore data can easily be transferred between 
I/O and memory and between I/Os. For details of transfer modes, see the description of 
transfer mode registers. 

The transfer counter has 16 bits, so up to 65536 transfers (the maximum when the 
initial value of the transfer counter is 0000H) can be performed for one interrupt source 
by high-speed micro DMA processing. 

After the data transfered by the juDMA function, the transfer counter was decreased. 

When this counter is "0"H, the processor operates general interrupt processing. At 
this time, if the same channel of interrupt is requried next interrupt, the transfer 
counter starts from 65536. 

Interrupt sources processed by high-speed micro DMA processing are those with the 
high-speed micro DMA start vectors listed in Table 3.3 (1). 
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High-Speed ^DMA cycle (COUNTS 0) 
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High-Speed juDMA cycle (COUNT = 0) 



(Notel) This is added 2 states the case of the bus width of source address (Note3) This may be a dummy cycle with instruction queue buffer. 

area is8bit (Note4) This is added 2 states the case of the bus width of stack address 
(Note2) This is added 2 states the case of the bus width of destination area is 8bit 

address area is 8bit 
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The following timing chart is a high-speed ^DMA cycle of the Transfer Address INC 
rement mode (the other mode except the Read -only mode is same as this) 
(Condition : MIN mode, 16bit Bus width for 16M Byte, wait) 

(2) Register configuration (CPU control register) 

ChannelO 
DMASO 
DMADO 

DMACO 

DMAMO 

ChanneM 

DMAS1 Transfer source address register 1 

DMAD1 Transfer destination address register 1 

DMAC1 Transfer counter register 1 

DMAM1 Transfer mode register 1 

Channel2 
DMAS2 
DMAD2 

DMAC2 

DMAM2 

Channel3 
DMAS3 
DMAD3 

DMAC3 

DMAM3 
|-*-8bit-»* 

■* 16 it *■ 

~* 3 2 bit *■ 

These Control Register can not be set only "LCD cr, r" instruction. 



Transfer source address register 
Transfer destination address register 
Transfer counter register 
Transfer mode register 



(Use only lower 24 bits.) 
(1-65536) 



Transfer source address register 2 
Transfer destination address register 2 
Transfer counter register 2 
Transfer mode register 2 



Transfer source address register 3 
Transfer destination address register 3 
Transfer counter register 3 
Transfer mode register 3 



MCU900-15 



TOSHIBA 



TMP96C141 



(3) Transfer mode register details 
(DMAMO—3) 





I I I 



Mode 



Note : When specifying values for this 
register, set the upper 4 bits to 0. 



Z: = byte transfer, 1 = word transfer 



execution time (Min.) @20MHz 
1 



z 


Transfer destination address INC mode for I/O to memory 
(DMADn + ) <— (DMASn) 
DM ACn<— DMACn - 1 
if DMACn=0then INT. 


1 6 states 
(1.6//S) 


1 z 


Transfer destination address DEC mode for I/O to memory 
(DMADn -)<- (DMASn) 
DMACn«-DMACn - 1 
if DMACn = 0then INT. 


1 6 states 
(1.6//S) 


1 z 


Transfer source address INC mode for I/O to memory 

(DMADn) <— (DMASn + ) 
DMACn<-DMACn - 1 
if DMACn = 0then INT. 


1 6 states 


1 1 z 


Transfer source address DEC mode for I/O to memory 

(DMADn) <r- (DMASn-) 
DMACn«-DMACn - 1 
if DMACn = then INT. 


1 6 states 
(1.6^s) 


1 z 


Fixed address mode I/O to I/O 

(DMADn) <— (DMASn) 
DMACn«-DMACn - 1 
if DMACn = then INT. 


1 6 states 
(1.6//S) 


10 10 


Read-only mode for DRAM refresh 

Dummy*- (DMASn) ; Reads 4 bytes. 
DMASn<-DMASn +4 ; Increments lower word only. 
DM ACn<— DMACn - 1 


14 states 
(1.4/ks) 


10 11 


Counter mode for interrupt counter 

DMASn«-DMASn + 1 
DMACn«-DMACn - 1 
if DMACn = then INT. 


1 1 states 
(1-Vs) 



This condition is 16-bit bus width and wait of source / destination address space. 
Note: 



(1 state = 100ns) 



n : corresponds to high-speed «DMA channels 0-3. 
DMADn +/ DMASn + : Post-increment (Increments register value after 
transfer.) 

DMADn — / DMASn — : Post-decrement (Decrement register value after transfer.) 



All address space (the space for system mode) can be accessed by high-speed juDMA. 
Do not use undefined codes for transfer mode control. 
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< Usage of read only mode (DRAM refresh) > 

When the hardware configuration is as follows: 
DRAM mapping size: =1MB 
DRAM data bus size: = 8 bits 

DRAM mapping address range: = 100000H to 1FFFFFH 

Set the following registers first; refresh is performed automatically. 

(D Register initial value setting 
LD XIX, 100000H 

LDC DMASO, XIX ••• mapping start address 
LD A,00001010B 

LDC DMAMO, A • • • read only mode (for DRAM refresh) 

Timer setting 

Set the timers so that interrupts are generated at intervals of 62.5/zs or less. 

® Interrupt controller setting 

Set the timer interrupt mask higher than the other interrupts mask. Write 
the above timer interrupt vector value in the High-Speed /^DMA start vector 
register, DMAOV. 

(Operation description) 

The DRAM data bus is an 8-bit bus and the high-speed micro DMA is in read-only 
mode (4 bytes), so refresh is performed for four times per interrupt. 

When a 512 refresh/8ms DRAM is connected, DRAM refresh is performed 
sufficiently if the high-speed micro DMA is started every 15.625/^s X 4 — 62.4/iS or 
less, since the timing is 15.625 ( ws/refresh. 

(Overhead) 

Each processing time by the high-speed micro DMA is 1.8/^s (18 states) @20 MHz 
with an 8-bit data bus. 

In the above example, the micro DMA is started every 62.5,«s, 1.8^s/62.5^s = 0.029; 
thus, the overhead is 2.9%. 

(Note) 

When the Bus is released (BUSAK = "0") which must wait to accept the interrupt, 
DRAM refresh is not performed because of the high-speed /iDMA is generated by an 
interrupt. 

3.3.3 Interrupt Controller 

Figure 3.3.3 (1) is a block diagram of the interrupt circuits. The left half of the 
diagram shows the interrupt controller; the right half includes the CPU interrupt 
request signal circuit and the HALT release signal circuit. 
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Each interrupt channel (total of 20 channels) in the interrupt controller has an 
interrupt request flip-flop, interrupt priority setting register, and a register for storing 
the high-speed micro DMA start vector. The interrupt request fip-flop is used to latch 
interrupt requests from peripheral devices. The flip-flop is cleared to at reset, when 
the CPU reads the interrupt channel vector after the acceptance of interrupt, or when 
the CPU executes an instruction that clears the interrupt of that channel (writes in the 
clear bit of the interrupt priority setting register). 

For example, to clear the INTO interrupt request, set the register after the DI 
instruction as follows. 

INTEOAD *- - - - Zero-clears the INTO Flip Flop. 

The status of the interrupt request flip-flop is detected by reading the clear bit. 
Detects whether there is an interrupt request for an interrupt channel. 

The interrupt priority can be set by writing the priority in the interrupt priority 
setting register (eg, INTEOAD, INTE45, etc.) provided for each interrupt source. 
Interrupt levels to be set are from 1 to 6. Writing or 7 as the interrupt priority disables 
the corresponding interrupt request. The priority of the non-maskable interrupt (NMI 
pin, watchdog timer, etc.) is fixed to 7. If interrupt requests with the same interrupt 
level are generated simultaneously, interrupts are accepted in accordance with the 
default priority (the smaller the vector value, the higher the priority). 

The interrupt controller sends the interrupt request with the highest priority among 
the simultaneous interrupts and its vector address to the CPU. The CPU compares the 
priority value < IFF2 to > set in the Status Register by the interrupt request signal 
with the priority value sent; if the latter is higher, the interrupt is accepted. Then the 
CPU sets a value higher than the priority value by 1 in the CPU SR<IFF2 to 0>. 
Interrupt requests where the priority value equals or is higher than the set value are 
accepted simultaneously during the previous interrupt routine. When interrupt 
processing is completed (after execution of the RETI instruction) , the CPU restores the 
priority value saved in the stack before the interrupt was generated to the CPU 
SR<IFF2 to0>. 

The interrupt controller also has four registers used to store the high-speed micro 
DMA start vector. These are I/O registers; unlike other high-speed micro DMA 
registers (DMAS, DMAD, DMAM, and DMAC), they can be accessed in either normal or 
system mode. Writing the start vector of the interrupt source for the high-speed micro 
DMA processing (see Table 3.3.(1)), enables the corresponding interrupt to be processed 
by high-speed micro DMA processing. The values must be set in the high-speed micro 
DMA parameter registers (eg, DMAS and DMAD) prior to the high-speed micro DMA 
processing. 
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Interrupt controller 



INT4 

INT5 

INT6 

INT7 

INTTO 

INTT1 

IIMTT2 

IIMTT3 

INTTR4 

INTTRS 

INTTR6 

INTTR7 

INTRXO 

INTTXO 

1NTRX1 

1NTTX1 

INTAD 



Interrupt request flip flop 



A 


V-BOH 


A 


. V-COH 


A 


V=D0H 


A 


V - EOH 


A 


V- 100H 


A 


V- 110H 


A 


V- 120H 


A 


V- 130H 


A 


V- 140H 


A 


V- 150H 


A 


V- 160H 


A 


V- 170H 


A 


V- 180H 


A 


V- 190H 


A 


V- 1A0H 


A 


V= 1B0H 


A 


V- 1C0H 




Interrupt 

vector 
generation 



^DM A start vector setting registe 




High-speed micro DMA channel 
priority encoder 



H 
O 

(/) 
I 

5 



- Interrupt request 
signal 



ng IDLE 
ng STOP 



High-speed micro 
DMA request 



High-speed micro 
DMA channel 
specification 
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(1) Interrupt priority setting register 



(Read-modify-write prohibited.) 



Symbol 


Address 


7 6 5 4 


3 2 1 I 


INTEOAD 


0070H 


INTAD 


INTO 


IADC 


IADM2 ; IADM1 ! IADM0 


IOC 


I0M2 i I0M1 ; I0M0 


R/W 


W 


R/W 


W 





i i 





: : 


INTE45 


007 1H 


INT5 


INT4 


I5C 


I5M2 j I5M1 j I5M0 


I4C 


I4M2 ; I4M1 j I4M0 


R/W 


W 


R/W 


W 











o o : o 


INTE67 


0072H 


INT7 


INT6 


I7C 


I7M2 ; I7M1 ! I7M0 


I6C 


I6M2 ; I6M1 ! I6M0 


R/W 


W 


R/W 


W 














INTET10 


0073H 


INTT1 (Timer!) 


INTTO(TimerO) 


IT1C 


IT1M2 i IT1M1 i IT1M0 


ITOC 


IT0M2 i IT0M1 '■ ITOM0 


R/W 


W 


R/W 


W 














INTEPW10 


0074H 


INTT3 (Timer3/PWM1) 


INTT2 (Timer2/PWM0) 


IPW1C 


IPW1M2 !IPW1M1 ilPWIMO 


IPWOC 


IPW0M2:iPW0M1 HPWOMO 


R/W 


W 


R/W 


W 





; 





o : o i o 


INTET54 


0075H 


INTTR5 (TREG5) 


INTTR4 (TREG4) 


IT5C 


IT5M2 ! IT5M1 ! IT5M0 


IT4C 


IT4M2 ! IT4M1 ! IT4M0 


R/W 


W 


R/W 


W 





; ; 








INTET76 


0076H 


INTTR7 (TREG7) 


INTTR6 (TREG6) 


IT7C 


IT7M2 i IT7M1 ! IT7M0 


IT6C 


IT6M2 i IT6M1 i IT6M0 


R/W 


W 


R/W 


W 





: 





o : i 


INTESO 


0077H 


INTTXO 


INTRXO 


ITXOC 


ITX0M2 ; ITX0M1 ; ITX0M0 


IRXOC 


IRX0M2 i IRX0M1 i IRX0M0 


R/W 


W 


R/W 


W 














INTES1 


0078H 


INTTX1 


INTRX1 


ITX1C 


ITX1M2 ; ITX1M1 j ITX1M0 


IRX1C 


IRX1M2 ; IRX1M1 ; IRX1M0 


R/W 


W 


R/W 


W 















lxxM2 



•IxxMI 



IxxMO 



Function (Write) 



Prohibits interrupt request. 
Sets interrupt request level to "1 " 
Sets interrupt request level to "2" 
Sets interrupt request level to "3" 
Sets interrupt request level to "4" 
Sets interrupt request level to "5" 
Sets interrupt request level to "6" 
Prohibits interrupt request. 



Function (Read) 



Indicates no interrupt request. 



Indicates interrupt request. 



Function (Write) 



Clears interrupt request flag. 



• Don't care- 
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(2) External interrupt control 



IIMC 
(007BH) 



Read-modify-write is 
prohibited. 



Interrupt Input Mode Control Register 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 












I0IE 


I0LE 


NMIREE 


Read/Write 












W 


W 


W 


After reset 





















Function 












1: INTO 
input 
enable 


0: INTO 
edge 
mode 

1: INTO 
level 
mode 


1 : Can be 
operated 
in NMI 
rising 
edge. 



INTO input enable (Note) 



INTO disable (P87 function only) 



Input enable 



Note : The INTO pin can also be used for standby release as described later. 
Even if the pin is not used for standby release, setting this register to 
"0" maintains the port function during standby mode. 



NMI rising edge enable 



Interrupt requestgeneration at 
falling edge 



Interrupt requestgeneration at 
falling/rising edge 



INTO level enable 



Rising edge detect interrupt 



High level interrupt 



Setting of External Interrupt Pin Functions 



Interrupt 


Pin name 


Mode 


Setting method 


NMI 




_ V_ Falling edge 


IIMC<NMIREE> = 


-r\ > — falling and Rising 
* * edqes 


IIMC<NMIREE> = 1 


INTO 


P87 


_f~ Rising edge 


IIMC<I0LE> = 0, <I0IE> = 1 


J ' \_ Level 


IIMC<I0LE> = 1, <I0IE> = 1 


INT4 


P80 


_J Rising edge 


T4MOC<CAP12M1,0> = 0,0or0,1 or 1,1 


Falling edge 


T4MOD<CAP12M1, 0> = 1, 


INT5 


P81 


_f~ Rising edge 




INT6 


P84 


_J Rising edge 


T5MOC<CAP34M1,0> = 0,0 or0,1 or 1,1 


~\_ Falling edge 


T5MOD<CAP34M1,0> = 1,0 


INT7 


P85 


_f Rising edge 
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(3) High-speed micro DMA start vector 



When the CPU reads the interrupt vector after accepting an interrupt, it 
simultaneously compares the interrupt vector with each channel's high-speed micro 
DMA start vector (bits 4 to 8 of the interrupt vector). When both match, the interrupt is 
processed in high-speed micro DMA mode for the channel whose value matched. 

If the interrupt vector matches more than one channel, the channel with the lower 
channel number has a higher priority. 



DMAOV 
(007CH) 



DMA1V 
(007DH) 



DMA2V 
(007EH) 



DMA3V 
(007FH) 



licroDMAO Start Vector 



(read-modify-write is not possible.) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 








DMA0V8 


DMA0V7 


DMA0V6 


DMA0V5 


DMA0V4 


Read/Write 








W 


After reset 



























Micro DMA1 Start Vector 


(read-modify-write is not possible.) 




7 


6 


5 


4 


3 


2 


1 





bit Symbol 








DMA1V8 


DMA1V7 


DMA1V6 


DMA1V5 


DMA1V4 


Read/Write 








W 


After reset 



























Micro DMA2 Start Vector 


(read-modify-write is not possible.) 




7 


6 


5 


4 


3 


2 


1 





bit Symbol 








DMA2V8 


DMA2V7 


DMA2V6 


DMA2V5 


DMA2V4 


Read/Write 








W 


After reset 



























Micro DMA3 Start Vector 


(read-modify-write is not possible.) 




7 


6 


5 


4 


3 


2 


1 





bit Symbol 








DMA3V8 


DMA3V7 


DMA3V6 


DMA3V5 


DMA3V4 


Read/Write 








W 


After reset 
























(4) Notes 



The instruction execution unit and the bus interface unit of this CPU operate 
independently of each other. Therefore, if the instruction used to clear an interrupt 
request flag of an interrupt is fetched before the interrupt is generated, it is possible that 
the CPU might execute the fetched instruction to clear the interrupt request flag while 
reading the interrupt vector after accepting the interrupt. If so, the CPU would read the 
default vector 00A0H and start the interrupt processing from the address 80A0H. 

To avoid this, make sure that the instruction used to clear the interrupt request flag 
comes after the DI instruction. 
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3.4 Standby Function 

When the HALT instruction is executed, the TMP96C141 enters RUN, IDLE, or 
STOP mode depending on the contents of the HALT mode setting register. 

(1) RUN : Only the CPU halts; power consumption remains unchanged. 

(2) IDLE : Only the built-in oscillator operates, while all other built-in circuits 

halt. Power consumption is reduced to 1/10 or less than that during 
normal operation. 

(3) STOP : All internal circuits including the built-in oscillator halt. This greatly 

reduces power consumption. 

The states of the port pins in STOP mode can be set as listed in Table 3.4 (1) using the 
I/O register WDMOD < DRVE > bit. 



WDMOD 
(005CH) 





7 


6 ; 5 


4 


3 i 2 


1 





bit Symbol 


WDTE 


WDTP1 j WDTPO 


WARM 


HALTM1 j HALTMO 


RESCR 


DRVE 


Read/Write 


R/W 


After reset 


1 


i 














Function 


1 : WDT 
Enable 


00:2 16 /fc 
01 :2 18 /fc 
10 : 2 20 /fc 
1 1 : 2 22 /fc 
Detection time 


Warming 
up time 

: 2"/fc 

1 :2"7fc 


Standby mode 

00: RUN mode 
01: STOP mode 
10: IDLE mode 
1 1 : Don't care 


1 : Connects 
watchdog 
timer 
output to 
RESET pin 
internally. 


1 : Drive 
pin even 
in STOP 
mode. 



When STOP mode is released by other than a reset, the system clock output starts 
after allowing some time for warming up set by the warming-up counter for stabilizing 
the built-in oscillator. To release STOP mode by a reset, it is necessary to allow a reset 
time long enough to allow the oscillator to stablilize. 

To release standby mode, a reset or an interrupt is used. To release IDLE or STOP 
mode, only an interrupt by the NMI or INTO pin, or a reset can be used. The details are 
described below. 

Standby Release by Interrupt 



^^--^hiterrupt level 
Standby mode 


Interrupt mask (IFF2 to 0) 
^ interrupt request level 


Interrupt mask (IFF2 to 0) 
>interrupt request level 


RUN 


Can be released by any interrupt. 
After standby mode is released, 
interrupt processing starts. (Note) 


Can only be released by INTO pin. 
Processing resumes from address 
next to HALT instruction. 


IDLE 


Can only be released by NMI or 
INTO pin. After standby mode is 
released, interrupt processing 
starts. (Note) 


T 


STOP 


T (Note) 


t 
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Table 3.4(1) Pin states in STOP mode 



Pin name 


I/O 


96C141 


96CM40/96PM40 


DRVE=0 


DRVE = 1 


DRVE = 


DRVE=1 


PO 


Input mode/ AD0~7 
Output mode 


X 


X 




Output 


P1 


Input mode /AD8~ 15 
Output mode /A8~ 15 


X 


X 




Output 


P2 


Input mode 

uuxpux mooe / au~ i , a i o^/o 


PD* 
PD* 


PD* 
Output 


PD* 
PD* 


PD* 
Output 


P30(RD), P31 (WR) 


Output 




"1" Output 




Output 


P32-P37 


Input mode 
Output mode 


PU 
PU 


PU 

Output 




P40, P41 


Input mode 
Output mode 


PU* 
PU* 


PU 

Output 




P42(CS2/CAS2) 


Input mode 
Output mode 


PD* 
PD* 


PD 

Output 




P5 


Input 








P6 


Input mode 
Output mode 


PU* 
PU* 


PU 

Output 




P7 


Input mode 
Output mode 


PU* 
PU* 


PU 

Output 




DpA DOC 

roU — rou 


Input mode 
Output mode 


PU* 
PU* 


PU 

Output 




P87(INT0) 


Input mode 
Output mode 


PU 
PU 


PU 

Output 




P9 


Input mode 
Output mode 


PU* 
PU* 


PU 

Output 




NMI 


Input 


Input 


Input 




WDTOUT 


Output 


Output 


Output 




ALE 


Output 


"0" 


"0" 




CLK 


Output 




"1" 




RESET 


Input 


Input 


llilll 




EA 


Input 


Input 


Input 




X1 


Input 








X2 


Output 


"1" 


"1" 





: Input for input mode/input pin is invalid; output mode/output pin is at high impedance. 
Input : Input enable state 

Input : Input gate in operation. Fix input voltage to or 1 so that input pin stays constant. 
Output: Output state 

PU : Programmable pull-up pin. Fix the pin to avoid through current since the input gate operates when a 
pull-up resistor is not set. 

PD : Programmable pull-down pin. Fix the pin like a pull-up pin when a pull-down resistor is not set. 
* : Input gate disable state. No through current even if the pin isset to high impedance, 
x : Cannot set. 

Note : Port registers are used for controlling programmable pull-up/pull-down. If a pin is also used 
for an output function (eg, T01) and the output function is specified, whether pull-up or 
pull-down is selected depends on the output function data. If a pin is also used for an input 
function, whether pull-up or pull-down is selected depends on the port register setting 
value only. 
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3.5 Functions of Ports 

The TMP96CM40/TMP96PM40 has 65 bits for I/O ports. The TMP96C141 has 47 
bits for I/O ports because PortO, Portl, P30, and P31 are dedicated pins for ADO to 7, 
AD8tol5,RD, andWR. 

These port pins have I/O functions for the built-in CPU and internal I/Os as well as 
general-purpose I/O port functions. Table 3.5 lists the function of each port pin. 

. (R: I = With programmable pull-up resistor 

Table 3.5 Functions of Ports j = with programmable puii-down 



rUI I I Idlllfc? 


ri n ri3mG 


Number 
of pins 


Di recti on 


D 
r\ 


Direction 
setting unit 


Pin name for built-in 
function 


PortO 


P00-P07 


8 


I/O 




Bit 


AD0-AD7 


Portl 


nin ,ni7 

r 1 U~r 1 / 


Q 

o 


l/U 




Bit 


AUo~AD1 b/Ao~A1 b 


Port2 


P20-P27 


8 


I/O 


i 


Bit 


A0-A7/A16-A23 


Port3 


P30 


1 


Output 


- 


(Fixed) 


RD 




P31 


1 


Output 


- 


(Fixed) 


Wr 




P32 


1 


I/O 


T 


Bit 


HWR 




P33 




I/O 


T 


Bit 


WAIT 




P34 


1 


I/O 


T 


Bit 


BUSRQ 




P35 


1 


I/O 


T 


Bit 


BUSAK 




P36 


1 


I/O 


T 


Bit 


R/W 




P37 


1 


I/O 


T 


Bit 


RAS 


Port4 


P40 


1 


I/O 


T 


Bit 


CSO / CASO 




P41 


1 


I/O 


t 


Bit 


CS1 / CAS1 




P42 


1 


I/O 


I 


Bit 


CS2/CAS2 


Port5 


P50-P53 


4 


Input 


- 


(Fixed) 


AN0-AN3 


Port6 


P60-P67 


8 


I/O 


t 


Bit 


PG00-PG03, PG10-PG13 


Port7 


P70 




I/O 


T 


Bit 


TIO 




P71 




I/O 


T 


Bit 


T01 




P72 




I/O 


T 


Bit 


T02 




P73 




I/O 


T 


Bit 


T03 


Port8 


P80 




I/O 


T 


Bit 


TI4/INT4 




P81 




I/O 


T 


Bit 


TI5/INT5 




P82 




I/O 


T 


Bit 


T04 




P83 




I/O 


T 


Bit 


T05 




P84 




I/O 


T 


Bit 


TI6/INT6 




P85 




I/O 


T 


Bit 


TI7/INT7 




P86 




I/O 


T 


Bit 


TO 6 




P87 




I/O 


T 


Bit 


INTO 


Port9 


P90 




I/O 


T 


Bit 


TXDO 




P91 




I/O 


T 


Bit 


RXDO 




P92 




I/O 


T 


Bit 


CTSO (Note) 




P93 




I/O 


T 


Bit 


TXD1 




P94 




I/O 


T 


Bit 


RXD1 




P95 




I/O 


T 


Bit 


SCLK1 
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Resetting makes the port pins listed below function as general-purpose I/O ports. 
I/O pins programmable for input or output function as input ports. 
To set port pins for built-in functions, a program is required. 

Since the TMP96C141 has an external ROM, some ports are permanently assigned to 

♦ PQG-P07 ~*AD0~AD7 

♦ P10-F17 ^AD8~AD15 

• P30 ~* RD 

• P31 -*WR 

Notes on bus release: 

When buses are released (BUSAK = 0), the TMP96C141/TMP96CM40/TMP96PM40 
sets the output buffer for AD0-AD15, A0-A23, and bus control signals (RD, WR, HWR, 
R/W, RAS, CS0/CAS0-CS2/CAS2) to off to set them to high impedance. The internal 
programmable pull-up/pull-down resistors continue to operate. Resistors are 
programmable only for operations in input mode; not in output mode. 

Pin states at bus release are shown below: 



Pin name 


Pin state at bus release 


Port mode 


Function mode 


P00-P07 

(AD0-AD7) 
P10-P17 

(AD8-AD15) 


No status change (not set to 

high impedance) 

Sets to high impedance. 


Set to high impedance. 


P30 (RD) 
P31 (WR) 


Sets to high impedance. 




P32 (HWR) 
P37 (RAS) 


Sets output buffer to off . 
Internal pull-up resistor is 
selected only when output 
latch is set to 1. 


Sets output buffer to off. Internal pull-up 
resistor is selected regardless of output latch 
value. 


P36 (R/W) 
P40 (CS0/CAS0) 
P41 (CS1/CAS1) 


Sets output buffer to off. 
Internal pull-up resistor is 
selected only when output 
latch is set to 1. 


Sets output buffer to off. Regardless of 
output latch value, internal pull-up resistor is 
selected or not depending on bus release 
timing. 


P20-P27 
(A16-A23) 
P42 (CS2/CAS2) 


Sets output buffer to off. 
Internal pull-down resistor is 
selected only when output 
latch is set to 0. 


Sets output buffer to off. Regardless of 
output latch value, internal pull-down resistor 
is selected or not depending on bus release 
timing. 
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Below shows an example of the external bus interface for the above signals when 
using the bus release function. 

However, when buses are released, internal memory and internal I/Os cannot be 
accessed; they function as internal I/Os only. Thus, the watchdog timer continues 
counting, with bus release function, take bus release time into consideration when 
setting the runaway detect time. 



TMP96C141/TMP96CM40/TMP96PM40 



P35 (BUSAK) 



P42 (CS2) 

P30 (RD) ^ 
P31 (WR) 



P32 (HWR) 
P36 (R/W) 
P37 (RAS) 
P40 (CSO) 
P41 (CS1) J 



P20(A16fY 
P27(A23)J 




> System control bus 



"\ Upper address bus (A23-A1 6) 



Example of external bus interface using bus release function 



When an external pull-up/pull-down resistor is selected to ensure the signal levels 
at bus release, the above circuit is required. 

Reset sets P30 (RD) and P31 (WR) to output mode. P40-P41 (CSO-CST), P32 
(HWR), P36 (R/W), P37 (RAS), and P35 (BUSAK) are set to input mode using a pull- 
up resistor. P42 (CS2) and P20-P27 (A16-23) are set to input mode using a pull-down 
resistor. The above circuit is required because if P42 (CS2) is directly pulled up 
externally, after a reset the internal pull-down conflicts with the external pull-up 
and, as a result, the level becomes undefined. The pull-up resistor value must be set 
to several k ohms because the internal pull-down resistor value is set to 50k -150k 
ohms. 

With P20-27 (A16-23), the same circuit as that for P42 (CS2) is required for 
external pull-up. However, unlike CS2, A16-23 are not active even at low level; thus, 
directly pull down (as in the above example) for a system where low level is 
acceptable. 
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3.5.1 Port (POO - P07) 

Port is an 8-bit general-purpose I/O port. I/O can be set on a bit basis using the 
control register POCR. Resetting resets all bits of POCR to and sets Port to input 
mode. 

In addition to functioning as a general-purpose I/O port, Port also functions as an 
address data bus (ADO to 7). To access external memory, Port functions as an address 
data bus (ADO to 7) and all bits of the control register POCR are cleared to 0. 

With the TMP96C141/TMP96CH1A/TMP96C041A, which has an external ROM, 
Port always functions as an address data bus (ADO to 7) regardless of the value set in 
control register POCR. 




Porto 
P00-P07 
(AD0-AD7) 



P0 read 
Figure 3.5(1) Port 
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3.5.2 Port 1 (P10-P17) 

Port 1 is an 8-bit general-purpose I/O port. I/O can be set on a bit basis using control 
register P1CR and function register P1FC. Resetting resets all bits of output latch PI, 
control register P1CR, and function register P1FC to and sets Port 1 to input mode. 

In addition to functioning as a general-purpose I/O port, Port 1 also functions as an 
address data bus (AD8 to 15) or an address bus (A8 to 15). 

With the TMP96C141/TMP96C141A/TMP96C041A, which comes with an external 
ROM, Port J always functions as an address data bus (ADS to 15) regardless of the value 
set in control register P ICR- 



Reset 

zH 

Direction control 
(on bit basis) 



P1CR write 



1 



Function control 
(on bit basis) 



P1FC write 



Output 
latch 



I 

P1 write 



Output buffer 



-I I Portl 

P10-P17 
(AD8-AD15/A8-A15) 



P1 read 
Figure 3.5 (2) Portl 
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Port Register 



PO 

(0000H) 




7 


6 


5 


4 3 


2 


1 





bit Symbol 


P07 


P06 


P05 


P04 P03 


P02 


P01 


POO 


Read/Write 


R/W 


After reset 


Input mode (Output latch register becomes undefined.) 



POCR 
(0002H) 



P1 
(0001 H) 



P1CR 
(0004H) 



P1FC 
(0005H) 



Port Control Register 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


P07C 


P06C 


P05C 


P04C 


P03C 


P02C 


P01C 


P00C 


Read/Write 


W 


After reset 


























Function 


0:IN 1:OUT (At external access. Port becomes AD7 - and POCR is cleared to 0.) 







•PortO I/O setting 



Port 1 Register 



Input 
Output 





7 6 


5 


4 3 


2 


1 





bit Symbol 


P17 P16 


P15 


P14 P13 


P12 


P11 


P10 


Read/Write 


R/W 


After reset 


Input mode (Output latch register is cleared to "0".) 



Port 1 Control Register 





7 6 


5 


4 


3 


2 


1 





bit Symbol 


P17C P16C 


P15C 


P14C 


P13C 


P12C 


P11C 


P10C 


Read/Write 


W 


After reset 


























Function 


< <See P1 FC below. > > 


Port 1 Function Register 




7 6 


5 


4 


3 


2 


1 





bit Symbol 


P17F 


P16F 


P15F 


P14F 


P13F 


P12F 


P11F 


P10F 


Read/Write 


W 


After reset 


























Function 


P1FC/P1CR = 00 : IN, 01 : OUT, 10:AD15-8, 11 : A15-8 







Read-modify-write is 
prohibited for registers POCR, 
P1CR,and P1FC. 



• Port 1 function setting 



~""\P1FC<P1XF> 
P1CR^--. 
<P1XC>\^ 





1 





Input port 


Address data bus 
(AD 15-8) 


1 


Output port 


Address bus 
(A 15-8) 



Note: <P1XF> is bit X in register P1 FC; <P1XC>,in register P1CR. 

Figure 3.5 (3) Registers for Ports and 1 
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3.5.3 Port 2 (P20 - P27) 

Port 2 is an 8-bit general-purpose I/O port. I/O can be set on bit basis using the 
control register P2CR and function register P2FC. Resetting resets all bits of output 
latch P2, control register P2CR and function register P2FC to 0. It also sets Port 2 to 
input mode and connects a pull-down resistor. To disconnect the pull-down resistor, 
write 1 in the output latch. 

In addition to functioning as a general-purpose I/O port, Port 2 also functions as an 
address data bus (AO to 7) and an address bus (A16 to 23). 



Reset 

zd 

Direction control 
(on bit basis) 



P2CR write 



Function control 
(on bit basis) 



P2FC write 



Output 
latch 



P2 write 



6 



Output buffer 



4>o — | ^ N " ch 

/ Programmable 
\ pull-down 



P2 read 
HI 3.5 (4) Port 2 



-□ Port 2 

P20-P27 

(A0-A7/A16-A23) 
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Port 2 Register 



P2 

(0006H) 





7 6 


5 


4 


3 


2 


1 





bit Symbol 


P27 P26 


P25 


P24 


P23 


P22 


P21 


P20 


Read/Write 


R/W 


After reset 


Input mode (Output latch register is cleared to "0".) 



Port 2 Control Register 





7 6 


5 


4 


3 


2 


1 





bit Symbol 


P27C P26C 


P25C 


P24C 


P23C 


P22C 


P21C 


P20C 


Read/Write 


W 


After reset 























Function 


< <See P2FC below. > > 



Port 2 Function Register 



P2FC 
(0009H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


P27F 


P26F 


P25F 


P24F 


P23F 


P22F 


P21F 


P20F 


Read/Write 


W 


After reset 


























Function 


P2FC/P2CR = 00 : IN, 01 : OUT, 10 : A7-0, 11 : A23-16 







Read-modify-write is 
prohibited for registers 
P2CRand P2FC. 



■ Port 2 function setting 



^^P2FC<P2XF> 
P2CR^\_^ 
<P2XC>^^ 





1 





Input 


address bus 
(A7-0) 


1 


Output 


address bus 
(A23-16) 



Note: <P2XF> is bit X in register P2FC; <P2XC>; in register P2CR. 
To set as an address bus A23~ 1 6, set P2FC after setting P2CR. 



Figure 3.5 (5) Registers for Port 2 
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3.5.4 Port 3 (P30 - P37) 

Port 3 is an 8-bit general-purpose I/O port. 

I/O can be set on a bit basis, but note that P30 and P31 are used for output only. I/O is 
set using control register P3CR and function register P3FC. Resetting resets all bits of 
output latch P3, control register P3CR (bits and 1 are unused), and function register 
P3FC to 0. Resetting also outputs 1 from P30 and P31, sets P32 to P37 to input mode, 
and connects a pull-up resistor. 

In addition to functioning as a general-purpose I/O port, Port 3 also functions as an 
I/O for the CPU's control/status signal. 

With the TMP96C141, when P30 pin is defined as RD signal output mode (<P30F> 
= 1), clearing the output latch register <P30 > to outputs the RD strobe (used for the 
pseudo static RAM) from the P30 pin even when the internal address area is accessed. 

If the output latch register <P30> remains 1, the RD strobe signal is output only 
when the external address area is accessed. 

With the TMP96C 1 4 1 /TM P96C1 41 A/TMP96C(M1 A, which comes with an external 
ROM P30 outputs the IID signal: P31, the WR signal, regardless of the values set in 
function registers P3UF and P31F. 
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Reset 



Function 
control 
(on bit basis) 



P3FC write 



1 



S 

Output 
latch 



P3 write 



ForTMP96C141 mode 



P3 read 



RD, WR 



Output buffer 



P30(RD) 
P31(WR) 



Reset 



Direction 
control 
(on bit basis) 



\ 

P3CR write 



1 



Function 
control 
(on bit basis) 



P3FC write 



1 



S 

Output 
latch 



P3 write 



r 



{>>-) F P-ch( Programmable A 
H ^ pull-up ' 



Output buffer 




HWR, BUSAK, R/W, RAS 



-□ P32( HWR) 
P35(BUSAK) 
P36(R/W) 
P37(RAS) 



P3 read 



Figure 3.5 (6) Port 3 (P30, P31, P32, P35, P36, P37) 
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Reset 

— i 

Direction 
control 
(on bit basis) 

i 

P3CR write 
1 



S 

Output 
latch 



P3 write 



rxH F P-chf Programmable ) 

' N PUII-UP / 



Output buffer 



pull-up 

□ P33 (WATT) 



7 



Internal 
WAIT " 

Reset 



P3 read 



Direction 
control 
(on bit basis) 



P3CR write 



Function 
control 
(on bit basis) 



P3FC write 



1 



S 

Output 
latch 



P3 write 



CxH F P-ch( Programmable \ 
n ^ pull-up / 



pull-up 

□ P34 (BUSRQ) 



Internal 
BUSRQ 



P3 read 



Figure 3.5 (7) Port3 (P33, P34) 
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Port 3 Register 



P3 

(0007H) 



P3CR 
(000AH) 





7 6 


5 


4 3 


2 


1 





bit Symbol 


P37 P36 


P35 


P34 P33 


P32 


P31 


P30 


Read/Write 


R/W 


After reset 


Input mode (pulled-up) 


Output mode 


1 


1 


1 


1 


1 


1 


1 


1 


Port 3 Control Register 




7 6 


5 


4 


3 


2 


1 





bit Symbol 


P37C P36C 


P35C 


P34C 


P33C 


P32C 






Read/Write 


W 






After reset 
























: IN 1:0UT 







I/O setting 



Port 3 Function Register 






Input 


1 


Output 



P3FC 
(O00BH) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


P37F 


P36F 


P35F 


P34F 




P32F 


P31F 


P30F 


Read/Write 


W 


After reset 

























Function 


: PORT 

1 : RAS 


: PORT 

1 : R/W 


: PORT 


: PORT 




: PORT 

1 : HWR 


: PORT 
1 : WR 


: PORT 

1 : RD 


1 : BUSAK 


1 : BUSRQ 



Read-modify-write is 
prohibited for registers 
P3CRand P3FC. 



BUSRQ setting 



P3FC <P34F> 


1 


P3CR <P34C> 





BUSAK setting 


P3FC <P35F> 




P3CR <P35C> 




R/W setting 


P3FC <P36F> 




P3CR <P36C> 




RAS setting 


P3FC <P37F> 




P3CR <P37C> 





P30 (RD) function setting 



\<P30> 
<P30F>s. 





1 





"0" output 


"1" output 


1 


Always"RD 
output (for 
pseudo SRAM) 


RD output only 
for external 
access 


— *- P31 (WR) function setting 


\<P31> 
<P31F^N 





1 





"0" output 


"1" output 


1 


WR output only for 
external access 


HWR setting 



P3FC <P32F> 


1 


P3CR <P32C> 


1 



Note) When P33/WAITpin is used as a WAIT pin, set P3CR<P33C> to "0" and Chip Select/ WAIT control register 
<BnW1,0>to"10". 



Figure3.5 (8) Registers for Port 3 
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3.5.5 Port4(P40-P42) 

Port 4 is a 3-bit general-purpose I/O port. I/O can be set on a bit basis using control 
register P4CR and function register P4FC. Resetting does the following: 

- Sets the P40 and P42 output latch registers to 1. 

- Resets all bits of the P42 output latch register, the control register P4CR, and the 
function register P4FC to 0. 

- Sets P40 and P41 to input mode and connects a pull-up resistor. 

- Sets P42 to input mode and connects a pull-down resistor. 

In addition to functioning as a general-purpose I/O port, Port 4 also functions as a 
chip select output signal (CSO to CS2 or CASO to CAS2). 
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Reset 



Direction 
control 
(on bit basis) 



4 

P4CR write 



1 



Function 
control 
(on bit basis) 



P4FC write 



1 



S 

Output 
latch 



P4 write 



J 



■f>oH p-ch( Pr °g rammal3le ") 

^> ^ V pull-up / 
-{> ^ Q P40 (CSO/CASO), 



Output buffer 



CSO/CASO, CS1 /CAS 1 



P41 (CS1/CAS1) 



P4 read 



Reset 




□ P42 (CS2/CAS2) 



P4 read 



Figure 3.5 (9) Port 4 
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Port 4 Register 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 












P42C 


P41C 


P40C 


Read/Write 












R/W 


After reset 












Input mode 












(Pull-down) 


1 (Pull-up) 


1 (Pull-up) 


Port 4 Control Register 




7 


6 


5 


4 


3 


2 


1 





bit Symbol 












P42C 


P41C 


P40C 


Read/Write 












W 


After reset 































: IN 1:OUT 



P4 

(OOOCH) 



P4CR 
(000EH) 



P4FC 
(0010H) 



Port 4 Function Register 



-I/O setting 






Input 


1 


Output 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 












P42F 


P41F 


P40F 


Read/Write 












W 


After reset 





















Function 















PORT 1 


: CS/CAS 



Read-modify-write is not 
possible for P4CR or P4FC. 






Port (P40) 


1 


CSO/CASO 







Port(P41) 


1 


CTT/CAST 







Port (P42) 


1 


CS2/CAS2 



Note : To output chip select signal (CSO/CASO to CS2/CAS2), set the corresponding bits of the 
control register P4CR and the function register P4FC. 

The BOCS, B1CS, andB2CS registers of the chip select / wait controller are used to select 
the CS/CAS function. 

290591 

Figure 3.5 (10) Registers for Port 4 
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3.5.6 Port 5 (P50 - P53) 

Port 5 is a 4-bit input port, also used as an analog input pin. 



1* 



Port 5 read 



AD read 



Conversion 


A/D 


result 


register 


converter 





Channel 
selector 



Figure3.5 (11) Port 5 
Port 5 Register 



-Q Port 5 



P50-P53 
(AN0-AN3) 







7 


6 


5 


4 


3 


2 1 





P5 


bit Symbol 










P53 


P52 P51 


P50 


(000DH) 


Read/Write 










R 




After reset 










Input mode 



Note : The input channel selection of A/D Converter is set by A/D Converter mode register ADMOD2. 



Figure 3.5 (12) Registers for Port 5 
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3.5.7 Port 6 (P60 - P67) 

Port 6 is an 8-bit general-purpose I/O port. I/O can be set on bit basis. Resetting sets 
Port 6 as an input port and connects a pull-up resistor. It also sets all bits of the output 
latch to 1. In addition to functioning as a general-purpose I/O port, Port 6 also functions 
as a pattern generator PG0/PG1 output. PGO is assigned to P60 to P63; PG1, to P64 to 
P67. Writing 1 in the corresponding bit of the port 6 function register (P6FC) enables 
PG output. Resetting resets the function register P6FC value to 0, and sets all bits to 
ports. 

Reset 



PGO, 1 



Direction control 
(on bit basis) 



P6CR write 

=3 



Function control 
(on bit basis) 



P6FC write 



S 

Output 
latch 



P6 write 



-9 



PS read 



A S 
Selector 



Selector 
A 



i-t»- 



if 



P-ch 



f Programmable 
\^ pull-up 



- | | Port 6 

P60-P67 
(PG00-PG13) 



Figure 3.5 (13) Port 6 
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P6 

(0012H) 



Port 6 Register 



P6CR 
(0014H) 



Port 6 Function Register 



Read-modify-write is 
prohibited for registers 
P6CRand P6FC. 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


P67 


P66 


P65 


P64 


P63 


P62 


P61 


P60 


Read/Write 


R/W 


After reset 


Input mode (Pull-up) 


1 


1 


1 


1 


1 


1 


1 


1 


Port 6 Control Register 




7 6 


; 5 


4 3 


2 


1 





bit Symbol 


P67C P66C 


P65C 


P64C 


P63C 


P62C 


P61C 


P60C 


Read/Write 


W 


After reset 





o 


o 





o 











Function 


: IN 1:OUT 



Port 6 I/O setting 






Input 


1 


Output 







7 


6 


5 


4 


3 


i 2 


1 o 


P6FC 


bit Symbol 


P67F 


P66F 


P65F 


P64F 


P63F 


P62F 


P61F P60F 


(0016H) 


Read/Write 


W 




After reset 





\ o 











i 


j 




Function 





PORT 


1 : PG1 


-OUT 





PORT 


1 : PGO-OUT 



Port 6 function setting 







General-purpose port 



Stepping motor control / Pattern 
generation port 



Figure3.5 (14) Registers for Port 6 
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3.5.8 Port 7 (P70 - P73) 

Port 7 is a 4-bit general-purpose I/O port. I/O can be set on bit basis. Resetting sets 
Port 7 as an input port and connects a pull-up resistor. In addition to functioning as a 
general-purpose I/O port, Port 70 also functions as an input clock pin TIO; Port 71 as an 
8-bit timer output (TOl), Port 72 as a PWMO output (T02), and Port 73 as a PWM1 
output (T03) pin. Writing 1 in the corresponding bit of the Port 7 function register 
(P7FC) enables output of the timer. Resetting resets the function register P7FC value to 
0, and sets all bits to ports. 




Timer F/F OUT — -i 
/T01 : Timer 1 
( T02 : Timer 2 
VT03 : Timer 3 



Direction control 
(on bit basis) 



P7CR write 



Function control 
(on bit basis) 



T 



P7FC write 



Output latch 
T 



A S 

Selector 
B 



P7 read 



Selector 
S A 



Programmable 
pull-up 

□ P7 ° 
(TIO) 



F*-P ch^ Programmable^ 
T V P ull " u P J 



- j | P71-P73 
(T01-T03) 



Figure 3.5 (15) Port 7 
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Port 7 Register 





7 


6 


5 


4 


3 


2 


1 


bit Symbol 










P73 


P72 


P71 P70 


Read/Write 










R/W 


After reset 










Input mode (Pull-up) 










1 


1 


1 1 



P7CR 
(0015H) 



P7FC 
(0017H) 



Port 7 Control Register 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 










P73C 


P72C 


P71C 


P70C 


Read/Write 










W 


After reset 






















Function 










: IN 1:0UT 


I 



. Port 7 I/O setting 



Port 7 Function Register 






Input 


1 


Output 





7 


6 


5 


4 


3 


2 1 





bit Symbol 










P73F 


P72F 


P71F 




Read/Write 










W 




After reset 





















Function 










: PORT 

1 :T03 


: PORT 

1 : T02 


: PORT 

1 : T01 





Read-modify-write is 
prohibited for registers 
P7CRand P7FC. 



Setting P71 asTOI 



P7FC <P71F> 




P7CR <P71C> 




Setting P72asT02 


P7FC <P72F> 




P7CR <P72C> 




Setting P73asT03 


P7FC <P73F> 




P7CR <P73C> 





Note : P70/TI0 pin does not have a register changing PORT/FUNCTION. 

For example, when it is used as an input port (P70), the input signal for P70 is inputted to 8bit Timer 
as a timer input (TIO). 



Figure3.5 (16) Registers for Port 7 
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3.5.9 Port 8 (P80 - P83) 

Port 8 is an 8-bit general-purpose I/O port. I/O can be set on a bit basis. Resetting 
sets Port 8 as an input port and connects a pull-up resistor . It also sets all bits of the 
output latch register P8 to 1. In addition to functioning as a general-purpose I/O port, 
Port 8 also functions as an input for 16-bit timer 4 & 5 clocks, an output for 16-bit timer 
F/F 4, 5, & 6 output, and an input for INTO. Writing 1 in the corresponding bit of the 
Port 8 function register (P8FC) enables those functions. Resetting resets the function 
register P8FC value to and sets all bits to ports. 

(1) P80-P86 



TI4.TI5 
TI6.TI7 



Timer F/F OUT -»• 
/T04 : Timer 4 
( T05 : Timer 5 
VT06 : Timer 6 



Direction control 
(on bit basis) 



P8CR write 



Output latch 
I 

P8 write 

<r~ 

P8 read 



S B 

Selector 
A 



-Oo- 



Direction control 
(on bit basis) 



P8CR write 



Function control 
(on bit basis) 



P8FC write 



Output latch 
T 

P8 write 



A S 

Selector 



P8 read 



Selector 
S A 



if 



P-ch 



Programmable 
pull-up 

P80 (TI4/INT4) 
P81 (TI5/INT5) 
P84 (TI6/INT6) 
P85(TI7/INT7) 



■a: 



if 



p^jJ Programmable 
I pull-up 



-I | P82(T04) 
— P83(T05) 
P86 (T06) 



Figure 3.5 (17) Port 8 (P80 - P86) 
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(2) P87(INT0) 

Port 87 is a general-purpose I/O port, and also used as an INTO pin for external 
interrupt request input. 



Reset 



Direction 
control (on 
bit basis) 



P8CR write 



Output latch 



* 

P8 write 



P8 read 



INTO interrupt ' 



S B 

Selector 
A 



Level/edge 
detect 



r-C» 



E^-P-ch 



/Programmable 
I pull-up 

□ P87 (INTO) 



IIMC<I0IE> ||MC<I0LE> 

Figure 3.5 (18) Port 87 
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Port 8 Register 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


P87 


P86 


P85 


P84 


P83 


P82 


P81 


P80 


Read/Write 


R/W 


After reset 


Input mode 


1 


1 


1 


1 ! 1 


1 


1 


1 


Port 8 Control Register 




7 


6 


5 


4 


3 


2 


1 


bit Symbol 


P87C 


P86C 


P85C 


P84C 


P83C 


P82C 


P81C 


P80C 


Read/Write 


W 


After reset 











o 














Function 






0: IN 




1 : OUT 







Port 8 I/O setting 






Input 


1 


Output 



Port 8 Function Register 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 




P86F 






P83F 


P82F 






Read/Write 




W 






W 


W 






After reset 





















Function 




: PORT 
1 :T06 






: PORT 
1 :T05 


: PORT 

1 :T04 







Read-mod ify-write is 
prohibited for registers 
P8CRand P8FC. 



Setting P82 asT04 



P8FC <P82F> 




P8CR <P82C> 




Setting P83 asT05 


P8FC <P83F> 




P8CR <P83C> 




Setting P84 as T06 


P8FC <P86F> 




P8CR <P86C> 





Note : P80/TI4, P81/T1 5, P84/TI6, P85/TI7 pins do not have a register changing PORT/FUNCTION. 
Therefore this is the same as P70/TI0 pin. 

When P87/INT0 pin is used as an INTO pin, set P8CR<P87C> to "0" and IIMC<I0IE> to "1 ' 



Figure3.5 (19) Registers for Port 8 
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3.5.10 Port 9 (P90 - P95) 

Port 9 is a 6-bit general-purpose I/O port. I/Os can be set on a bit basis. 
Resetting sets Port 9 to an input port and connects a pull-up resistor. 
It also sets all bits of the output latch register to 1. 

In addition to functioning as a general-purpose I/O port, Port 9 can also function as an 
I/O for serial channels andl. Writing 1 in the corresponding bit of the port 9 function 
register (P9FC) enables this function. 

Resetting resets the function register value to and sets all bits to ports. 

(1) Port90&93(TXD0/TXD1) 

Ports 90 and 93 also function as serial channel TXD output pins in addition to I/O 
ports. 

They have a programmable open drain function. 




Selector 



Open drain 
possible 
ODE<ODE1,0> 



P9 read 



ch 

Programmable 
pull-up 

- f~1 P90(TXD0) 
P93 (TXD1) 



Figure 3.5 (20) Ports 90 and 93 
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(2) Ports 91 and 94(RXD0, 1) 

Ports 91 and 94 are I/O ports, and also used as RXD input pins for serial channels. 



Reset 



Direction 
control (on 
bit basis) 



P9CR write 



Output latch 



J 

P9 write 

— <h 

P9 read 



RxDO, RxD1 



S E 
Selector 



rH>> 



f*-P-ch /Programmable 
\pull-up 



-O P91 (RXDO) 
P94(RXD1) 



Figure3.5 (21) Ports 91 and 94 



(3) Port 92 (CTS) 



Port 92 is an I/O port, and also used as a CTS input pin for serial channels. 



CTS 



Direction 
control (on 
bit basis) 



P9CR write 



Output latch 
? 

P9 write 
P9 Read 



Selector 



n \pull-u 



rammable 
P 



-O P92 (CTSO) 



Figure3.5 (22) Port 92 
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SCLKOOUT- 



Reset 



Direction 
control (on 
bit basis) 



P9CR write 



Direction 
control (on 
bit basis) 



P9FC write 





Output latch 

f 

P9 write 



-9 



SCLK OIN 
CTSO 



P9 Read 



Selector 



Selector 



il 



]g-P-ch 



Programmable 
pull-up 



P92 (CTSO/SCLKO) 



Figure3.5 (23) Ports 92 (TMP96CM40/TMP96PM40/TMP96C141 A/TMP96C041 A) 
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(4) Port 95 (SCLK) 

Port 95 is a general-purpose I/O port. It is also used as an SCLK I/O pin for serial 
channel 1. 



SCLK OUT 



Direction 
control 
(on bit basis) 



P9CR write 



Function 
control 
(on bit basis) 



P9FC write 



Output latch 



P9 read 



A S 
Selector 



S B 

Selector 
A 



if 



]^P-ch 



Programmable 
pull-up 



■Q P95(SCLK1) 



j^_Llx IN 



Figure3.5 (23) Port 95 
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Port 9 Register 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 






P95 


P94 


P93 


P92 


P91 


P90 


Read/Write 






R/W 


After reset 






Input mode 






1 


1 


1 


1 


1 


1 



Port 9 Control Register 





7 


6 


5 


4 


3 


2 


1 


bit Symbol 






P95C 


P94C 


P93C 


P92C 


P91C P90C 


Read/Write 






W 


After reset 


















Function 




: IN 1:0UT 




I 



Port 9 I/O setting 






Input 


1 


Output 



Port 9 Function Register 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 






P95F 




P93F 


P92F 




P90F 


Read/Write 






W 




W 


W 




W 


After reset 






















Function 






: PORT 

1 : SCLK1 




: PORT 
1 : TxD1 


: PORT 
1 : SCLKO 




: PORT 

1 : TxDO 



Note : Only the 

TMP96CM40/TMP96PM40/ 
TMP96C141A/TMP96C041A 
have register P92F. That is, 
SCLKO cannot be specified for 
theTMP96C141. 



P90 TxDO output setting (Note) 



P9FC <P90F> 


1 


P9CR <P90C> 


1 



P93TxD1 output setting (Note) 



P9FC <P93F> 


1 


P9CR <P93C> 


1 



P95SCLK output setting 
P9FC<P95F> 1 
P9CR<P95C> 1 



Note : To set the TxD pin to open drain, write 1 in bit (for TxDO pin) or bit 1 (for TxDl pin) of the 
ODE register. 

P91/RXD0, P94/RXD1 pins do not have a register changing PORT/FUNCTION. 
Therefore this is the same as P70/TI0 pin. 



Figure 3.5 (24) Registers for Port 9 
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3.6 Chip Select /Wait Control 

TMP96C141 has a built-in chip select / wait controller used to control chip select (CSO 
- CS2 pins), wait (WAIT pin), and data bus size (8 or 16 bits) for any of the three block 
address areas. 

3.6.1 Control Registers 

Table 3.6.(1) shows control registers. 

One block address areas are controlled by 1-byte CS/WAIT control registers (BOCS, 
B1CS, and B2CS). Registers can be written to only when the CPU is in system mode 
(there are two CPU modes: system and normal). The reason is that the settings of these 
registers have an important effect on the system. 

(1) Enable 

Control register bit 7 (BOE, B1E, and B2E) is a master bit used to specify enable (1) / 
disable (0) of the setting. 

Resetting sets BOE and B1E to disable (0) and B2E to enable (1). 

(2) System only specification 

Control resgister bit 6 (BOSYS, B1SYS, and B2SYS) is used to specify enable / disable 
of the setting depending on the CPU operating mode (system or normal). Setting this bit 
to enables setting (Address space for CS, Wait state, Bus size, etc.) regardless of the 
CPU operating mode; setting it to 1 enables setting in system mode but disables setting 
in normal mode. 

Resetting clears bit 6 to 0. 

Bit 6 is mainly used when external memory data should not be accessed in normal 
mode (ie, for system mode only memory data for the operating system). 

(3) CS/CAS Waveform select 

Control register bit 5 (BOCAS, B1CAS, and B2CAS) is used to specify waveform mode 
output from the chip select pin (CS0/CAS0 - CS2/CAS2). Setting this bit to specifies 
CSO to CS2 waveforms; setting it to 1 specifies CASO to CAS2 waveforms. 

Resetting clears bit 5 to 0. 
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(4) Data bus size select 

Bit 4 (BOBUS, B1BUS, and B2BUS) of the control register is used to specify data bus 
size. Setting this bit to accesses the memory in 16-bit data bus mode; setting it to 1 
accesses the memory in 8-bit data bus mode. 

Changing data bus size depending on the access address is called dynamic bus sizing. 
Table 3.6 (2) shows the details of the bus operation. 

(5) Wait control 

Control register bits 3 and 2 (BOW1,0; B1W1,0; B2W1,0) are used to specify the 
number of waits. Setting these bits to 00 inserts a 2-state wait regardless of the WAIT 
pin status. Setting them to 01 inserts a 1-state wait regardless of the WAIT status. 
Setting them to 10 inserts a 1-state wait and samples the WAIT pin status. If the pin is 
low, inserting the wait maintains the bus cycle until the pin goes high. Setting them to 
11 completes the bus cycle without a wait regardless of the WAIT pin status. 

Resetting sets these bits to 00 (2-state wait mode). 

(6) Address area specification 

Control register bits 1 and (B0C1,0; B1C1,0; B2C1,0) are used to specify the target 
address area. Setting these bits to 00 enables settings (CS output, Wait state, Bus size, 
etc.) as follows: 

* CS0 setting enabled when 7F00H to 7FFFH is accessed. 

* CS1 setting enabled when 480H to 7FFFH is accessed. 

CS1 setting enable when 80H to 7FFFH is accessed for the TMP96C041A, which 
does not have a built-in RAM. 

* CS2 setting enabled when 8000H to 3FFFFFH is accessed. 

CS2 setting enabled when 10000H to 3FFFFFH is accessed for the 
TMP96CM40/TMP96PM40, which has built-in 32K byte ROM/PROM.. 

Setting bits to 01 enables setting for all CS's blocks and outputs a low strobe signal 
(ClM/aA^~CS2/CAS2) from chip select pins when 400000H to 7FFFFFH is accessed. 
Setting bits to 10 enables them 800000H to BFFFFFH is accessed. Setting bits to 11 
enables them when C00000H to FFFFFFH is accessed. 
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Table 3.6(1) Chip select/ wait control register 



Code 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 











BOE 


BOSYS 


BOCAS 


BOBUS 


B0W1 


B0 W0 


B0C1 


BOCO 




BlockO 




W 


W 


W 


W 


W 


W 


W 


W 






























BOCS 


CS/WAIT 


0068H 


1 : 


1: 


0: 


0:16bit 


00 


2WAIT 


00: 7F00H-7FFFH 




control 




CS/CAS 


SYSTEM 


CSO 


Bus 


01 


1 WAIT 


01: 400000H- 




register 




Enable 


only 


1: 


1:8bit 


10 


1WAIT + n 


10: 800000H- 










CASO 


Bus 


11 


0WAIT 


11: C00000H- 








B1E 


B1SYS 


B1CAS 


B1 BUS 


B1W1 


B1W0 


B1C1 


B1C0 




Blockl 




W 


W 


W 


W 


W 


W 


W 


W 






























B1CS 


f~C A A/ A IT 


nncou 
UUbyH 


1 : 


1 : 


0: 


0: 16bit 


00 


2WAIT 


*00:480H~7FFFH 




control 




CS/CAS 


SYSTEM 


CS1 


Bus 


01 


1 WAIT 


01: 400000H- 




register 




Enable 


only 


1: 


1:8bit 


10 


1WAIT + n 


10: 800000H- 










CAS1 


Bus 


11 


0WAIT 


11: C00000H- 








iiisiiiii 


B2SYS 


B2CAS 


B2BUS 


B2W1 


B2W0 


B2C1 


B2C0 




Block2 




w 


W 


W 


W 


W 


W 


W 


W 






i 























B2CS 


CS/WAIT 


006AH 


1: 


1: 


0: 


0:16bit 


00 


2WAIT 


00: 8000H- 




control 




CS/CAS 


SYSTEM 


CS2 


Bus 


01 


1 WAIT 


01:400000H~ 




register 




Enable 


only 


1: 


1:8bit 


10 


1WAIT + n 


10: 800000H- 










CAS2 


Bus 


11 


0WAIT 


11: C00000H- 



Note : With only block 2, enable (16-bit data bus, 2- wait mode) after reset. 



Table 3.6 (2) Dynamic bus sizing 



Operand data 
size 


Operand start 
address 


Memory data 
size 


CPU address 


CPU data 


D15-D8 


D7-D0 


8 bits 


2n + 
(even number) 


8 bits 


2n +0 


xxxxx 


b7-b0 


16 bits 


2n +0 


xxxxx 


b7-b0 


2n + 1 
(odd number) 


8 bits 


2n + 1 


xxxxx 


b7-b0 


16 bits 


2n + 1 


b7-b0 


xxxxx 


16 bits 


2n + 
(even number) 


8 bits 


2n+0 
2n + 1 


xxxxx 
xxxxx 


b7-b0 
b15-b8 


16 bits 


2n + 


b15-b8 


b7-b0 


2n + 1 
(odd number) 


8 bits 


2n + 1 
2n + 2 


xxxxx 
xxxxx 


b7-b0 
b15-b8 


16 bits 


2n + 1 
2n + 2 


b7-b0 
xxxxx 


xxxxx 
b15-b8 


32 bits 


2n + 
(even number) 


8 bits 


2n + 
2n + 1 
2n + 2 
2n + 3 


xxxxx 
xxxxx 
xxxxx 
xxxxx 


b7-b0 
b15-b8 
b23-b16 
b31 -b24 


16 bits 


2n + 
2n + 2 


b15-b8 
b31 -b24 


b7-b0 
b23-b16 


2n + 1 
(odd number) 


8 bits 


2n + 1 
2n + 2 
2n + 3 
2n +4 


xxxxx 
xxxxx 
xxxxx 
xxxxx 


b7-b0 
b15-b8 
b23-b16 
b31 -b24 


16 bits 


2n + 1 
2n + 2 
2n +4 


b7-b0 
b23-b16 
xxxxx 


xxxxx 
b15-b8 
b31 -b24 



xxxxx : During a read, data input to the bus is ignored. At write, the bus is at 



high impedance and the write strobe signal remains non-active. 
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3.6.2 Chip Select Image 



An image of the actual chip select is shown below. Out of the whole memory area, 
address areas that can be specified are divided into four parts. Addresses from 000000H 
to 3FFFFFH are divided differently: 7F00H to 7FFFH is specified for CSO; 480H to 
7FFFH, for CS1; and 8000H to 3FFFFFH, for CS2. The reason is that a device other 
than ROM (ie, RAM or I/O) might be connected externally. 

7F00 to 7FFFH (256 bytes) for CSO are mapped mainly for possible expansions to 
external I/O. 

480H to 7FFFH (approx. 3 IK bytes) for CS1 are mapped there mainly for possible 
extensions to external RAM. 

8000H to 3FFFFFH (approx. 4M bytes) for CS2 are mapped mainly for possible 
extensions to external ROM. After reset, CS2 is enabled in 16-bit bus and 2-wait. With 
the TMP96C141, which does not have a built-in ROM, the program is externally read at 
address 8000H in this setting (16-bit bus, 2-wait). With the TMP96CM40/TMP96PM40, 
which has a built-in ROM, addresses from 8000H to FFFFFH are used as the internal 
ROM area; CS2 is disabled in this area. After reset, the CPU reads the program from 
the built-in ROM in 16-bit bus, 0-wait mode. 

CSO 

000000H 
7F00H 
8000H 



400000H 



800000H 



C00000H 



FFFFFFH 




B0C1,0= "OV 



B0C1,0= "10' 



boci,o= "ir 



CS1 


B1C1,0 = 


"00" 






B1C1,0 = 


"01" 


B1C1,0 = 


"10" 


B1C1,0 = 


"11" 



CS2 




H 


B2C1,0 = 


"00" 


B2C1, = 


"01" 


B2C1,0 = 


"10" 


B2C1,0 = 


"11" 



(Mainly for I/O) 



(Mainly for RAM) (Mainly for ROM) 



Supplement 1 : 
Supplement 2 : 



Access priority is highest for built-in I/O, then built-in memory, and lowest for the 
chip select/wait controller. 

External areas other than CSO to CS2 are accessed in 16-bit data bus ( wait) 
mode. 

When using the chip select/wait controller, do not specify the same address area 
more than once. (However, when addresses 7F00H - 7FFFH for CSO and 480H - 
7FFFH for CS1 are specified, in other words, specifications overlap, only the CSO 
setting/pin is active.) 



Note: When the bus is released (BUSAK = "0"), CS0-CS2 pins are also released 
(the output buffer is OFF). Refer to \ Note about the bus release J in 3.5 
Functions of Ports about the state of pins. 
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3.6.3 Example of Usage 

Figure 3.6 (1) is an example in which an external memory is connected to the 
TMP96C141. In this example, a ROM is connected using 16 bit Bus; a RAM is connected 
using 8 bit Bus. 



TMP96C141 



cso 

CS1 
CS2 
ALE 
AD8 
S 

AD15 



ADO 

s £ 

AD7 



RD O 



WR 



74HC573 



D Q 
LE 



D Q 
LE 



Address bus 



mi 



in 



cs 


CS 


Upper byte 


Lower byte 


ROM 


ROM 


OE 


OE 



iz 



TIL 



iz 



CS 8bitBus 

RAM 

OE WE 



iz 



TL 



cs 


8 bit Bus 






I/O 


OE 


WE 



iz 



Figure 3.6 (1) Example of External Memory Connection (ROM = 16 bits, RAM & I/O = 8 bits) 



Resetting sets pins CSO to CS2 to input port mode. CSO and CS1 are set high due to 
an internal pull-up resistor; CS2, low due to an internal pull-down resistor. The 
program used to set these pins is as follows. 



P4CR 


EQU 


OEH 




P4FC 


EQU 


10H 




BOCS 


EQU 


68H 




B1CS 


EQU 


69H 




B2CS 


EQU 


6AH 




LD 


(BOCS) 


,90H 


; CSO = 8 bits, 2WAIT, 7F00H-7FFFH 


LD 


(B1CS),9CH 


; CS1 =8 bits, OWAIT, 480H-7EFFH 


LD 


(B2CS),84H 


; CS2 = 16 bits, WAIT, 8000H-3FFFFFH 


LD 


(P4CR) 


,07H 


^CSO, CST, CS2 output mode setting 




LD 


(P4FC),07H 
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3.6.4 How to Start with an 8-bit Data Bus 

Resetting sets the CS2 pin low due to an internal pull-down resistor; memory access 
starts in 16-bit data bus (2-wait) mode. To start in 8-bit data bus mode, a special 
operation is required. Operation is as described in the example below. 
B2CS EQU 6AH ; CS2 register address 

ORG 8000H ; RESET address 

LDX (B2CS),9CH ; CS2 8bit, OWAIT, 8000H- 

After reset, the program reads the LDX(B2CS),9CH instruction in 16-bit data bus 
mode. LDX is a 6-byte instruction: the 2nd, 4th, and 6th bytes are handled as dummies 
(ie, only codes in the 1st, 3rd, and 5th bytes are actually used). Even if starting in 8-bit 
data bus mode, it is possible to program so that the LDX instruction is executed and the 
CS 2 area (8000H - 3FFFFFH) is accessed in 8-bit data bus mode without any problem. 

The above program does not include setting the P42/CS2 pin to output; add a program 
to set the P4CR and P4FC registers as required. 



TLCS-900 
(TMP96C141) 



Address latch 



EPROM 



AD8-15 



ADO-7 
ALE 
RD 
CS2 



D Q 
G 



D Q 
G 



A15 
S 

A8 
A7 

AO 

D7 
( 

DO 
OE 
CS 



Operation after reset 
TLCS-900 EPROM 



8000H 
8001H 
8002H 
8003H 
8004H 
8005H 



F7 




F7 




?? 


-<— ?? 


00 


6A 




6A 




?? 


?? 


00 


9C 




9C 




7? 


?? 


00 









> LDX (6AH), 9CH 



?? : don't care 
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3.7 8-bit Timers 

TMP96C141 has two 8-bit timers (timers and 1), each of which can be operated 
independently. The cascade connection allows these timers to be used as 16-bit timer. 
The following four operating modes are provided for the 8-bit timers. 

• 8-bit interval timer mode (2 timers) 

• 16-bit interval timer mode (1 timer) 

• 8-bit programmable square wave pulse generation (PPG: variable duty with 
variable cycle) output mode (1 timer) 

• 8-bit pulse width modulation (PWM: variable duty with constant cycle) output 
mode (1 timer) 

Figure 3.7 (1) shows the block diagram of 8-bit timer (timer and timer 1). 

Each interval timer consists of an 8-bit up-counter, 8-bit comparator, and 8-bit timer 
register. Besides, one timer flip-flop (TFF1) is provided for pair of timer and timer 1. 

Among the input clock sources for the interval timers, the internal clocks of ?sTl, 
<fiT4, ^T16, and ^T256 are obtained from the 9-bit prescaler shown in Figure 3.7 (2). 

The operation modes and timer flip-flops of the 8-bit timer are controlled by three 
control registers TMOD, TFFCR, and TRUN. 
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TRUN<TORUN> 



TRUN<T1RUN> 



TlOpin 
,iT1(8/fc) 
,ST4(32/fc) 
jST16(128/fc) 



Selector 



RUN 



Clear 



8-bit 
up-counter 
(UCO) 



t t 

TMOD<T0CLK1,0> 



2 n - 1 
Over 
flow 



ttit 

|TMOD<T10M1.0. 



8-bit 
comparator 
(CPO) 



PPGTRG 



PWMTRG 



Select 



RUN 



0T1 ■ 

?iT16 ■ 
jiT256 ■ 



Selector 



UTL 



Clear 



8-bit 
up-counter 
(UC1) 



PWMM1.0> TMOD<T1CLK1,0> 



8-bit 
comparator 
(CP1) 



8-bit timer 
register TREGO 



Register buffer 



TFFCR<DBEN> 



3^ 



TFFCR<TFF1C1,0> 



*1 Set 
*2 Clear 
*3 Invert 

Software trigger — 



F/F control 

f 



TMOD<T10M1,0> 



-T01 



Selector 




TFFCR<TFF1IE> 



TFFCR<TFF1IS> 



8-bit timer 
register 
TREG1 



Selector 
INTT1 



TMOD<T10M1,0> 



Internal bus 
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(D Prescaler 

This 9-bit prescaler generates the clock input to the 8-bit timers, 16-bit 
timer/event counters, and baud rate generators by further dividing the 
fundamental clock (fc) after it has been divided by 4 (fc/4). 

Among them, 8-bit timer uses 4 types of clock: <f>Tl, <f>T4, ^T16, and ^T256. 

This prescaler can be run or stopped by the timer operation control register 
TRUN < PRRUN > . Counting starts when <PRRUN> is set to "1", while the 
prescaler is cleared to zero and stops operation when < PRRUN > is set to "0". 
Resetting clears < PRRUN > to "0", which clears and stops the prescaler. 



Cycle 



fr 

lnpuO-\Jj 
clock 


16MHz 


20MHz 


jSTI (8/fc) 


0.5^s 




?5T4 (32/fc) 


2.0 M s 


1.6^s 


jST16(128/fc) 




6.4//S 


<f>1256 (2048/fc) 


U8/us 


102^s 



,ST0 



,ST1 ,(T2 jiT4 ?sT8 jiT16 j(T32 ,4T256 
t t t t t t T T t 
1 2 3 4 5 6 7 
9-bit prescaler 




(System clock) 



| run/stop & clear 
TRUN <PRRUN> 



™ jnjiJiJiJTji_rLn 

_J L_r~~l_l LJ L 

*ta y — l 



Figure 3.7 (2) Prescaler 
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® Up-counter 

This is an 8-bit binary counter which counts up by the input clock pulse 
specified by TMOD. 

The input clock of timer is selected from the external clock from TIO pin and 
the three internal clocks ySTl (8/fc), y$T4 (32/fc), and 0T16 (128/fc), according to the 
set value of TMOD register. 

The input clock of timer 1 differs depending on the operation mode. When set to 
16-bit timer mode, the overflow output of timer is used as the input clock. When 
set to any other mode than 16-bit timer mode, the input clock is selected from the 
internal clocks ?$T1 (8/fc), 0T16 (128/fc), and y$T256 (2048/fc) as well as the 
comparator output (match detection signal) of timer according to the set value of 
TMOD register. 

Example : When TMOD <T10M1,0> =01, the overflow output of timer becomes 
the input clock of timer 1 (16-bit timer mode). 

When TMOD<T10M1,0>=00 and TMOD<T1CLK1,0> =01, ^Tl 
(8/fc) becomes the input of timer 1 (8bit timer mode). 

Operation mode is also set by TMOD register. When reset, it is initialized to 
TMOD<T01M1, 0>=00 whereby the up-counter is placed in the 8-bit timer 
mode. 

The counting and stop & clear of up-counter can be controlled for each interval 
timer by the timer operation control register TRUN. When reset, all up-counters 
will be cleared to stop the timers. 

(§) Timer register 

This is an 8-bit register for setting an interval time. When the set value of timer 
registers TREGO, TREG1, matches the value of up-counter, the comparator match 
detect signal becomes active. If the set value is 00H, this signal becomes active 
when the up-counter overflows. 

Timer register TREGO is of double buffer structure, each of which makes a pair 
with register buffer. 

The timer flip-flop controll register TFFCR< DBEN > bit controls whether the 
double buffer structure in the TREGO should be enabled or disabled. It is disabled 
when < DBEN > = and enabled when they are set to 1 . 

In the condition of double buffer enable state, the data is transfered from the 
register buffer to the timer register when the 2 n — 1 overflow occurs in PWM mode, 
or at the PPG cycle in PPG mode. Therefore, during timer mode, the double buffer 
can not be used. 

When reset, it will be initialized to <DBEN> =0 to disable the double buffer. 
To use the double buffer, write data in the timer register, set < DBEN > to 1, and 
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write the following data in the register buffer. 
Up-counter 



Comparator (CPO) 
7^ 



Timer registers (TREGO) 



TV 



Shift trigger 



Register buffers 



Write 



Selector 



TFFCR<DBEN> 



Internal bus 



Matching detection of PPG 
cycle 

2n_ 1 overflow of PWM 
- TREGO WR 



Figure 3.7 (3) Configuration of Timer Register 

Note : Timer register and the register buffer are allocated to the same memory address. When 
<DBEN>=0, the same value is written in the register buffer as well as the timer 
register, while when <DBEN > = 1 only the register buffer is written. 

The memory address of each timer register is as follows. 

TREGO: 000022H 

TREG1: 000023H 
All the registers are write-only and cannot be read. 
© Comparator 

A comparator compares the value in the up-counter with the values to which the 
timer register is set. When they match, the up-counter is cleared to zero and an 
interrupt signal (INTTO, INTT1) is generated. If the timer flip-flop inversion is 
enabled, the timer flip-flop is inverted at the same time. 

(D Timer flip-flop (timer F/F : TFF1) 

The status of the timer flip-flop is inverted by the match detect signal 
(comparator output) of each interval timer and the value can be output to the timer 
output pins TOl (also used as P71). 

A timer F/F is provided for a pair of timer and timer 1 and is called TFF1. 
TFF1 is output to TOl pin. 
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TRUN 
(0020H) 





7 


6 


5 


4 3 


2 


1 





bit Symbol 


PRRUN 




T5RUN 


T4RUN j P1 RUN 


PORUN 


T1RUN 


TORUN 


Read/Write 


R/W 




R/W 


After reset 






















Function 


Prescaler & Timer Run/Stop CONTROL 

: Stop & Clear 

1 : Run (Count up) 



Count Operation 






Stop and clear 


1 


Count 



PRRUN 


Operation of prescaler 


T5RUN 


Operation of 1 6-bit timer (timer5) 


T4RUN 


Operation of 16-bit timer (timer4) 


P1RUN 


Operation of PWM timer (PWM1/timer3) 


PORUN 


Operation of PWM timer (PWM0/timer2) 


T1RUN 


Operation of 8-bit timer (timerl) 


TORUN 


Operation of 8-bit timer (timerO) 



Figure 3.7 (4) Timer Operation Control Register (TRUN) 
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7 6 


5 


4 


3 2 


1 


bit Symbol 


T10M1 j T10M0 


PWMM1 j 


PWM M0 


T1CLK1 j T1CLK0 


T0CLK1 I T0CLKO 


Read/Write 


W 


After reset 





o 













Operation mode 


PWM cycle 




Source clock of timerl 


Source clock of timerO 




00: 8bit Timer 


00: - 




00 : TO0TRG 


00: TI0 


Function 


01 : 16bit Timer 


01 : 26-1 




01 : jST1 


01 : ,(T1 




10: 8bitPPG 


10: 27-1 




10: 0T16 


10: ,ST4 




1 1 : 8bit PWM 


11:28-1 




11 : ^T256 


11 : jiT16 



Prohibit Read 
Modify Write 



Input clock of timer 



00 


External Input (TI0) 


01 


?;T1 (Prescaler) 


10 


?5T4 (Prescaler) 


11 


^T1 6 (Prescaler) 


- Input clock of timer 1 




TMOD<T10M1,0>*01 


TMOD 

<T10M1,0> =01 


00 


Comparator output 
of timer 


Overflow 
output of timer 


(16-bit timer 
mode) 


01 


Internal clock jsT1 


10 


Internal clock #T16 


11 


Internal clock ,sT256 


■ Select PWM cycle 


00 




01 


26-1 


10 


27-1 


11 


28-1 


Set the operation mode of 
timer and 1. 


00 


Two 8-bit timers 
(timerO and timer 1) 


01 


16-bit timer 


10 


8-bit PPG output 


11 


8-bit PWM output (timer 0) 
+ 8-bit timer (timer 1) 



Figure 3.7 (5) Timer Mode control Register (TMOD) 
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TFFCR 
(0025H) 





7 


6 5 


4 


3 2 


1 





bit Symbol 






DBEN 


TFF1C1 i TFF1C0 


TFF1IE 


TFF1IS 


Read/Write 






R/W 


w 


R/W 


After reset 


















Function 




Double 
buffer 
0: Disable 
1 : Enable 


00: Invert TFF1 
01 : SetTFFI 
10:ClearTFF1 
11 : don't care 

& Always read as 
"11" 


TFF1 

Inversion 
trigger 
0: Disable 
1 : Enable 


TFF1 

Inversion 
source 
0: Timer 
1 : Timer 1 



Select inverse signal of timer F/F1 



("Don't care" except in 8-bit timer mode) 





TMOD<T10M1,0 
> = 00 


01 


10 


11 





Inversion by 
timerO match 
signal 


16-bit timer mode 
Inversion by 
match signal 


PPG mode 
Inversion by 
match signal of 
each timer and 
timer 1 


PWM mode 
Inversion by 
match and 
overflow signal 
of timer 


1 


Inversion by 
timerl match 
signal 



Inversion of Timer F/F1 (TFF1) 






Disable invert 


1 


Enable invert 



Control of Timer F/F1 (TFF1) 



00 


Invert the value of TFF1 
(software inversion) 


01 


SetTFFI to "1". 


10 


Clear TFF1 to "0". 


11 


Don't care 



Double Buffer Control of TREGO 






Disable double Buffer 


1 


Enable double Buffer 



Figure 3.7 (6) Timer Flip-flop Control Register (TFFCR) 
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The operation of 8-bit timers will be described below: 

(1) 8-bit timer mode 

Two interval timers 0, 1, can be used independently as 8-bit interval timer. All 
interval timers operate in the same manner, and thus only the operation of timer 1 will 
be explained below. 

(D Generating interrupts in a fixed cycle 

To generate timer 1 interrupt at constant intervals using timer 1 (INTT1), first 
stop timer 1 then set the operation mode, input clock, and a cycle to TMOD and 
TREGl register, respectively. Then, enable interrupt INTT1 and start the 
counting of timer 1. 

Example : To generate timer 1 interrupt every 40 microseconds at fc = 16 MHz, 
set each register in the following manner. 



MSB LSB 
76543210 

TRUN <- - X 0- Stop timer 1, and clear itto "0". 

TMOD <-00XX01-- Setthe 8-bit timer mode, and select jST1 (0.5 //s@fc= 16 

MHz) as the input clock. 

TREGl «- 1 1 Setthe timer register at 40 /us fTl = 50H. 

INTET10 M 1 1 Enable INTT1, and set itto "Level 5". 

TRUN <-lX----l- Start timer 1 counting. 

Note : X : don't care — ; no change 



Use the following table for selecting the input clock. 



Table 3.7 (1) 8-Bit Timer Interrupt Cycle and Input Clock 



Input clock 


Interrupt cycle 
(at fc= 16MHz) 


Resolution 


Interrupt cycle 
(atfc = 20MHz) 


Resolution 


$71 (8/fc) 
?5T4 (32/fc) 
?iT16(128/fc) 
^T256 (2048/fc) 


0.5 /us ~ 128 jus 
2 jus ~ 512 jus 
8 /xs ~ 2.048 ms 
128 /js-32.708 ms 


0.5^5 
2 ^s 

8 fj.s 
128 jus 


0.4 fxs~ 102.4 /us 
1.6 ,«s~409.6 jus 
6.4 jus- 1.638 ms 
102.4 //S-2.621 ms 


0.4,«s 
1.6//S 
6.4 ,«s 
102.4//S 



Note : The input clock of timer and timer 1 are different from as follows. 
Timer : TI0 input, y&Tl, ^T4, ?;T16 
Timer 1 : Match Output of Timer 0, ?ST1, j5T16, fST256 
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Generating a 50% duty square wave pulse 

The timer flip-flop (TFF1) is inverted at constant intervals, and its status is 
output to timer output pin (TOl). 

Example : To output a 3.0 square wave pulse from TOl pin at fc = 16 MHz, set 
each register in the following procedures. Either timer or timer 1 
may be used, but this example uses timer 1. 



76543210 

TRUN <- - X 0- 

TMOD <-00XX01-- 

TREG1 <-00000011 
TFFCR *- 1011 

P7CR *-XXXX--l- 
P7FC <-XXXX--lX 

TRUN MX 1- 

Note : X ; don't care - ; no change 



Stop timer 1, and clear it to "0". 

Set the 8-bit timer mode, and select 0T1 (0.5 fxs @ fc = 1 6 MHz) as 
the input clock. 

Set the timer register at 3.0 /us -r <{,T'[ ■f 2 = 3. 

Clear TFF1 to "0", and set to invert by the match detect signal 

from timer 1. 

Select P71 asTOI pin. 

Start timer 1 counting. 



TRUN 
<T1RUN> 

BIT7-2; 

Up- 
counter BIT1 



BIT0 

Comparator 
timing 



Comparator output 
(matching detect) 



INTT1 



UC clear 



TFF1 



T01 



i 2 m o m 2 m o i 




Figure 3.7 (7) Square Wave (50% Duty) Output Timing Chart 
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Making timer 1 count up by match signal from timer comparator 

Set the 8-bit timer mode, and set the comparator output of timer as the input 
clock to timer 1. 



JL 



JL 



Comparator output 
(Timer match) 

Timer up-counter IIXIXIXIXIX^ 

(when TREGO = 5) 

Timer 1 up-counter 1 X 2 X 1 

(when TREG1 = 2) 

Timer 1 match output 



JL 



(2) 



Figure 3.7 (8) Timer 1 count up by timer 
(D Output inversion with software 

The value of timer flip-flop (TFF1) can be inverted, independent of timer 
operation. 

Writing "00" into TFFCR<TFF1C1, 0> (memory address : 000025h of bit 3 and 
bit 2) inverts the value of TFF1. 

(D Initial setting of timer flip-flop (TFF1) 

The value of TFF1 can be initialized to "0" or "1", independent of timer 
operation. 

For example, write "10" in TFFCR<TFF1C1,0> to clear TFF1 to "0", while 
write "01" in TFFCR<TFF1C1,0 > to set TFF1 to "1". 

Note: The value of timer register cannot be read. 

16-bit timer mode 

A 16-bit interval timer is configured by using the pair of timer and timer 1. 

To make a 16-bit interval timer by cascade connecting timer and timer 1, set timer 
0/timer 1 mode register TMOD <T10M1,0 > to "0, 1". 

When set in 16-bit timer mode, the overflow output of timer will become the input 
clock of timer 1, regardless of the set value of TMOD<T1CLK1,0>. Table 3.7 (2) shows 
the relation between the cycle of timer (interrupt) and the selection of input clock. 

Table 3.7 (2) 16-Bit Timer (Interrupt) and Input Clock 



Input clock 


Interrupt cycle (fc= 16MHz) 


Resolution 


Interrupt cycle (fc = 20MHz) 


Resolution 


fT1 (8/fc) 
5*T4 (32/fc) 
0T16 (128/fc) 


0.5 //s ~ 32.786ms 
2 jus ~ 131.072ms 
8 /us ~ 524.288ms 


0.5/xs 
2 /us 
8 /us 


OA/us ~ 26.214ms 
1.6/iS ~ 104.857ms 
6.4/^s ~ 419.430ms 


QA/us 
1 .6//S 
6.4/iS 
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The lower 8 bits of the timer (interrupt) cycle are set by the timer register TREGO, 
and the upper 8 bits are set by TREG1. Note that TREGO always must be set first. 
(Writing data into TREGO disables the comparator temporarily, and the comparator is 
restarted by writing data into TREG1.) 

Setting example : To generate an interrupt INTT1 every 0.5 seconds at fc = 16 MHz, set 
the following values for timer registers TREGO and TREG1. 
When counting with input clock of 0T16 (8^s @ 16 MHz) 

0.5s + 8//s = 62500 = F424H 
Therefore, set TREG1 = F4H and TREGO = 24H, respectively. 

The comparator match signal is output from timer each time the up-counter UCO 
matches TREGO, where the up-counter UCO is not be cleared. And the interrupt INTO is 
not generated. 

With the timer 1 comparator, the match detect signal is output at each comparator 
timing when up-counter UC1 and TREGl values match. When the match detect signal 
is output simultaneously from both comparators of timer and timer 1, the up-counters 
UCO and UC1 are cleared to "0", and only the interrupt INTT1 is generated. If inversion 
is enabled, the value of the timer flip-flop TFF1 is inverted. 

Example : When TREGl = 04H and TREGO = 80H 

(uc u i e ucof" counter 0000H 0080H 0180H 0280H 0380H 0480H 

Timer comparator _ _ _ 

match detect signal fl fl fl fl 



Interrupt I NTT 1 



Timer output T0 1 \ Inversio n 



Figure 3.7 (9) Output timer by 16-bit timer mode 
(3) 8-bit PPG (Programmable Pulse Generation) Output mode 

Square wave pulse can be generated at any frequency and duty by timer and timer 
1. The output pulse may be either low-active or high-active. In this mode, timer 1 
cannot be used. 

Timer outputs pulse to TOl pin (also used as P70). 

In this mode, a programmable square wave is generated by inverting timer output 
each time the 8-bit up-counter (UCO) matches the timer registers TREGO and TREGl. 

However, it is required that the set value of TREGO is smaller than that of TREGl. 

Though the up-counter (UC1) of timer 1 is not used in this mode, UC1 should be set 
for counting by setting TRUN < T1RUN > to 1. 

Figure 3.7 (11) shows the block diagram for this mode. 
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l « tH > l < tL -I 



T 



TREGO and UCO match 
(Interrupt I NTTOf 

TREG1 and UCO match . 



JL 



T01 

















TREGO 
* TREG1 









Figure 3.7 (10) 8bit PPG output waveforms 



TIO pin 
^T1 

jST16 



TRUN<TORUN> 



Selector 







t t 

TMOD <T0CLK1,0> 



8-bit 

up-counter (UCO) 



<> 



Comparator 

— /\ 



TREGO-WR- 



Selector 



TREG 



Shift trigger 



TFFCR<DBEN> 



Register buffer 



7\ 



Comparator 
7\ 



TREG 1 



Internal bus 



T01 



- TFFCR<TFF1IE> = 1 
Inversion 
»-INTT0 



-INTT1 



Figure 3.7 (1 1) Block Diagram of 8-Bit PPG Output Mode 
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When the double buffer of TREGO is enabled in this mode, the value of register buffer 
will be shifted in TREGO each time TREGl matches UCO. 

Use of the double buffer makes easy the handling of low duty waves (when duty is 
varied). 

Match with TREGO f] 11 

and up-Counter _ 

Match with TREG 1 

TREGO " 
(Value to be compared) - 

Registe buffer _ 



(Up-counter = Q,) (Up-counter = Q 2 ) 

JL 



Shift from register buffer 



1 



\ TREG (register buffer) 
write 



Figure 3.7 (12) Operation of Register buffer 
Example : Generating 1/4 duty 50 kHz pulse (@ fc = 16 MHz) 

n n n n 



I 20/uS ' I 

• Calculate the value to be set for timer register. 

To obtain the frequency 50 kHz, the pulse cycle t should be : t = 1/50 kHz = 20 ^s. 
Given jSTl = 0.5^s (@ 16 Hz), 
20/iS-0.5/^s = 40 

Consequently, to set the timer register 1 (TREGl) to TREGl = 40 = 28H 
and then duty to 1/4, tX 1/4 = 20^8X1/4 = 5^8 

5//s-i-0.5 /t /s = 10 
Therefore, set timer register (TREGO) to TREGO = 10 = 0AH. 

76543210 

TRUN <- - X 00 Stop timer 0, and clear it to "0". 

TM0D <-10XXXX01 Setthe 8-bit PPG mode, and select ?$T1 as input clock. 

TREGO «• 1 1 Write "0AH". 

TREGl M 1 1 Write "28H". 

TFFCR «- X011X Sets TFF1 and enable the inversion. 

t ^ 

1 ^Writing "10" provides negative logic pulse. 

P7CR <-XXXX--l- 

P7FC <- X X X X - - 1 X J> SetP71 astheTOI pin. 
TRUN MX 11 

Note : X ; don't care - ; no c 



Start timer and timer 1 counting. 
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(4) 8-bit PWM Output mode 

This mode is valid only for timer 0. In this mode, maximum 8-bit resolution of PWM 
pulse can be output. 

PWM pulse is output to TOl pin (also used as P71) when using timer 0. Timer 1 can 
also be used as 8-bit timer. 

Timer output is inverted when up-counter (UCO) matches the set value of timer 
register TREGO or when 2n-l (n = 6, 7, or 8; specified by T01MOD<PWM01,0>) 
counter overflow occurs. Up-counter UCO is cleared when 2n — 1 counter overflow 
occurs. For example, when n = 6, 6-bit PWM will be outputted, while when n = 7, 7-bit 
PWM will be outputted. 

To use this PWM mode, the following conditions must be satisfied. 

(Set value of timer register) < (Set value of 2 n — 1 counter overflow) 
(Set value of timer register) 



TREGO and 
UCO match 

2n-l 
overflow 
(interrupt INTTO) 

T01 



A 



tpWM 



i_r 



(PWM cycle) 



Figure 3.7(13) 8-bit PWM waveforms 
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Figure 3.7 (14) shows the block diagram of this mode. 

TRUN <T0RUN> 



TIO- 
,ST1 - 
^T4- 
jST16 - 



Selector 



t t 



8-bit up-counter 
(UCO) 



TMOD <T0CLK1,0> 



Clear 



T01 



TFFCR 

TFF1 <=<TFF1C1,0, 
TFF1 IE, TFF1 IS> 



2n-1 
overflow 
control 



Comparator 
7^ 



TREGO-WR- 



Selector 



TMOD 
/_<T10M1,0> = 11 
Nr-TMOD 

<PWMM1,0> 



Invert 



Overflow 



INTTO 



TREGO 

7"\ 



Shift trigger 



Register buffer 



TFFCR <DBEN> 



Internal bus 

Figure 3.7 (14) Block Diagram of 8-Bit PWM Mode 

In this mode, the value of register buffer will be shifted in TREGO if 2 n — 1 overflow is 
detected when the double buffer of TREGO is enabled. 

Use of the double buffer makes easy the handling of small duty waves. 

Match with TREGO f| |~|_ 

Up-coun 

2" - 1 overflow 



TREGO 

(value to be compared) 
Register buffer 



Up-counter = Qi 


Up-counter = Q2 




( Shift into TREGO 


Qi 


Q2 






Q2 


x 





Figure 3.7 (15) Operation of Register buffer 
Example : To output the following PWM waves to TOl pin at fc= 16 MHz. 











* 36//S * 1 






63.5//S 





To realize 63.5//S of PWM cycle by 0T1 = 0.5 M s (@fc = 16 MHz), 

63.5/.s^0.5^s = 127 = 2 7 -l 
Consequently, n should be set to 7. 
As the period of low level is 36/is, for y$Tl = 0.5/^s, 
set the following value for TREGO. 

SGjus-i-O.S^s = 12 = 48H 
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MSB LSB 
76543210 

TRUN *- - X 

TMOD M110--01 

TREGO H1001000 
TFFCR «-XXXX101X 



Stop timer 0, and clear it to "0". 

Set 8-bit PWM mode (cycle: 27-1) and select jST1 as the input 
clock. 

Writes "48H". 

Clears TFF1, enable the inversion. 



P7CR +■ X X X X - 
P7FC <- X X X X - 

TRUN MX 

Note : X ; don't care 



- 1 - 
-IX 

- - 1 

- ; no change 



Set P71 astheTOI pin. 
Start timer counting. 



Table 3.7 (3) PWM Cycle and the Setting of 2 n - 1 Counter 





PWM cycle (@ fc = 16MHz) 


PWM cycle (@ f c = 20M Hz) 




jST1 


,5T4 




95T1 


^T4 


^T16 


26-1 


31.5//S (31.7kHz) 


U6 M s (7.9kHz) 


0.50ms (1. 9kHz) 


25.2^s (39.0kHz) 


100^s(10.0kHz) 


0.40ms (2.4kHz) 


27-1 


63.5//S (15.7kHz) 


25A M s (3.9kHz) 


1.01ms (0.98kHz) 


50.8^s (19.7kHz) 


203/.S (4.9kHz) 


0.81ms(1.2kHz) 


28-1 


127/A (7.8kHz) 


51(Vs(1.9kHz) 


2.04ms (0.49kHz) 


102,us (9.80kHz) 


408//S (2.4kHz) 


1.63ms (0.61kHz) 



(5) Table 3.7 (4) shows the list of 8-bit timer modes. 



Table 3.7 (4) Timer Mode Setting Registers 



Register name 


TMOD 


TFFCR 


Name of function in 


T10M 


PWMM 


T1CLK 


T0CLK 


TFF1IS 


Function 


Timer mode 


PWM0 cycle 


Uppertimer input 
clock 


Lowertimer 
input clock 


Timer F/F invert 
signal select 


16-bittimer mode 


01 






External clock, 
?ST1, (4T4, ysT16 
(00,01, 10, 11) 




8-bit timer x 2 channels 


00 




Lower timer 
match: 
16,256 
(00,01, 10, 11) 


External clock, 
jST1, jST4, ?iT16 
(00,01, 10, 11) 


0: Lowertimer 

output 
1 : Uppertimer 

output 


8-bit PPG x 1 channel 


10 






External clock, 
yST1, «ST4, ?ST16 
(00,01, 10, 11) 




8-bit PWM x 1 channel 


11 


26-1,27-1,28-1 

(01, 10, 11) 




External clock, 
? iT1, f 5T4, 5 4T1 6 
(00,01, 10, 11) 




8-bit timer x 1 channel 


1 1 




5ST1, ^T16, ?ST256 
(01, 10, 11) 




Output disabled 



Note : - ; Don't care 
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3.8 8-bit PWM Timer 

The TMP96C141 has two built-in 8-bit PWM timers (timers 2 & 3). 
They have two operating modes. 

• 8-bit PWM (pulse width modulation: variable duty at fixed interval) output mode 

• 8-bit interval timer mode 

Figure 3.8 (1) is a block diagram of 8-bit PWM timer (timers 2 & 3). 

PWM timers consist of an 8-bit up-counter, 8-bit comparator, and 8-bit timer register. 
Two timer flip-flops (TFF2 for timer 2 and TFF3 for timer 3) are provided. 

Input clocks $5P1, y5P4, and ^P16 for the PWM timers can be obtained using the built- 
in prescaler. 

PWM timer operating mode and timer flip-flops are controlled by four control 
registers (POMOD, P1MOD, PFFCR, and TRUN). 
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TRUN <PRRUN> 



fc/2 



PWM dedicated 
prescaler 



1 I I 
?SP1 ySP4 yjPI 6 

(fc/4) (fc/16) (fc/64) POMOD <PWM0M> 

TRUN <P0RUN> \ 



F/F2 
(TFF2) 



^P1 - 
9SP4- 
5P16- 



Clock 
control 



t t 



RUN 



Set 



Clear 



8-bit up counter 
*(UC2) 



POMOD <T2CLK1,0> 



2n-l 



1Z. 



8-bit comparator 
(CP2) 



POMOD <PWM0S1,0> 
Match detect 



8-bit timer register 
TREG2 



Shift trigger 



Register buffer 



7\ 



Y 

Selector 



-<3- 



Register write 



PWM2-OUT 
(T02) 



Clear 



F/F control 



ft 



PFFCR <FF2C1, 0> 



PFFCR<FF2TRG1,0> 



Interrupt 
control 



INTT2 



POMOD <PWM0INT> 



-TREG-WR 



POMOD <DB2EN> 



Internal bus 



Figure3.8 (1) Block diagram of 8-bit PWM timer (timer 2) 



Note : Block diagram for 8-bit PWM timer 1 (timer 3) is the same as the above 
diagram. 
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® Prescaler 

Generates input clocks dedicated to PWM timers by further dividing the 
fundamental clock (fc) after it has been divided by 2 (fc/2). Since the register used 
to control the prescaler is the same as the one for other timers, the prescaler cannot 
be operated independently. 

The PWM timer uses three input clocks: yS/Pl, ?5/P4, and 0/P16. 

Like the 9-bit prescaler described in the 8-bit timer section, this prescaler can be 
counted/stopped using bit 7 <PRRUN> of the timer operation control register 
TRUN. Setting <PRRUN> to 1 starts counting; setting it to zero-clears and 
stops counting. Resetting clears <PRRUN> to 0, which clears and stops the 
prescaler. 



Dedicated prescaler cycle 





16MHz 


20MHz 


?5P1 (4/fc) 


250ns 


200ns 


?SP4 (16/fc) 




800ns 


?SP16(64/fc) 




3.2,«s 



0P1 ?sP4 0P16 

t T t T t 

12 3 4 
Prescaler 

f run/stop & clear 
TRUN <PRRUN> 




jSP4 

Figure3.8(2) Prescaler 

(D Up-counter 

An 8-bit binary counter which counts up using the input clock specified by PWM 
mode register (P0MOD or P1MOD). 

The input clock for the PWM0/PWM1 is selected from the internal clocks 0P1, 
ySP4, and ^P16 (PWM dedicated prescaler output) depending on the value set in 
the P0MOD/P1MOD register. 



Oscillator 
circuit 






1/2 
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Operating mode is also set by POMOD and P1MOD registers. At reset, they are 
initialized to POMOD <PWM0M> = and P1M0D<PWM1M> = 0, thus, the 
up-counter is in PWM mode. In PWM mode, the up-counter is cleared when a 2 n -l 
overflow occurs; in timer mode, the up-counter is cleared at compare and match. 

Count/stop & clear of the up-counter can be controlled for each PWM timer 
using the timer operation control register TRUN. Resetting clears all up-counters 
and stops timers. 

(D Timer registers 

Two 8-bit registers used for setting an interval time. When the value set in the 
timer registers (TREG2 & 3) matches the value in the up-counter, the match detect 
signal of the comarator becomes active. 

Timer registers TREG2 and TREG3 are each paired with register buffer to 
make a double buffer structure. 

TREG2 and TREG3 are controlled double buffer enable/disable by POMOD 
<DB2EN> and P1MOD <DB3EN> : disabled when <DB2EN> / <DB3EN> 
= 0, enabled when <DB2EN> / <DB3EN> = 1. 

Data is transferred from register buffer to timer register when a 2 n -l overflow 
occurs in PWM mode, or when compare and match occurs in 8-bit timer mode. 
That is, with a PWM timer, the timer mode can be operated in double buffer enable 
state, unlike timer mode for timers and 1. 

At reset, <DB2EN>/<DB3EN> is initialized to to disable double buffer. To 
use double buffer, write the data in the timer register at first, then set < DB2EN > 
/ <DB3EN> to 1, and write the following data in the register buffer. 
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Up-counter 
Comparator 

— — 



Timer register (TREG2/3) 



7V 



Shift trigger 



Register buffer 



Write 



Internal bus 



Selector 



8-bit match detect 
PWM2n-1 overflow 

TREG2/3 WR 



<DB2EN>/<DB3EN> 



Figure3.8 (3) Structure of Timer Registers 2 &3 

Note : The timer register and register buffer are allocated to the same memory address. When 
<DB2EN>/<DB3EN> = 0, the same value is written to both register buffer and timer 
register. When <DB2EN>/<DB3EN> = 1, the value is written to the register buffer 
only. 

Memory addresses of the timer registers are as follows: 

TREG2 : 000026H 
TREG3 : 000027H 

Both timer registers are write only; however, register buffer values can be read 
when reading the above addresses. 

© Comparator 

Compares the value in the up-counter with the value in the timer register 
(TREG2/TREG3). When they match, the comparator outputs the match detect 
signal. A timer interrupt (INTT2/INTT3) is generated at compare and match if the 
interrupt select bit <PWM0INT>/<PWM1NT> of the mode register 
(P0MOD/P1MOD) is set to 1. In timer mode, the comparator clears the up-counter 
to at compare and match. It also inverts the value of the timer flip-flop if timer 
flip-flop invert is enabled. 

(D Timer flip-flop 

The value of the timer flip-flop is inverted by the match detect signal 
(comparator output) of each interval timer or 2 n -l overflow. The value can be 
output to the timer output pin T02/T03 (also used as P72/P73). 
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POMOD 
(0028H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


FF2RD 


DB2EN 


PWMOINT 


PWMOM 


T2CLK1 


T2CLK0 


PWM0S1 


PWM0S0 


Read/Write 


R 


W 


After reset 

























Function 


Flip-flop 
(F/F2) 
output 
data 


1: Double 
Buffer2 
Enable 


0: 2n-1 

overflow 
interrupt 

1 : compare 
& match 


0: PWM 
mode 

1 : Timer 
mode 


00: ySP1 (fc/4) 
01 : jSP4(fc/16)- 
10: f lP16(fc764) 
1 1 : Don't care 


00: 26-1 
01 : 27-1 
10: 28-1 
1 1 : Don't care 








interrupt 













Read-modify-write is 
prohibited. 



Select PWM0 cycle 



00 


26-1 


01 


27-1 


10 


28-1 


11 


Don't care 


Select PWM0 input clock 


00 


j, P1 (fc/4) 


01 


<j> P4(fc/16) 


10 


<j, P16(fc/64) 


11 


Don't care 


select PWM0 mode 





PWM mode 


1 


8-bit timer mode 


- select PWM0 interrupt 





Overflow interrupt 


1 


Compare and match 
interrupt 


control double buffer 





Disable 


1 


Enable 



PWM timer Flip-flop2 (TFF2) 
output value (T02) 



Figure3.8 (4) 8-bit PWM0 mode control register 
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P1MOD 
(0029H) 





7 


6 


5 


4 3 


2 


1 





bit Symbol 


FF3RD 


DB3EN 


PWM1INT 


PWM1M 


T3CLK1 


T3CLK0 


PWM1S1 


PWM 1 SO 


i\cau/ vv 1 1 it? 




W 


After reset 

























Function 


Flip-flop 
(F/F3) 
output 
data 


1: Double 
Buffer3 
Enable 


0: 2n-1 
overflow 
interrupt 

1 : Compare 
and 
match 
interrupt 


0: PWM 
mode 

1: Timer 
mode 


00: jSP1 (fc/4) 
01 : jlP4(fc/16) 
10: jSP16(fc/64) 
1 1 : Don't care 


00: 26-1 
01 : 27-1 
10: 28-1 
1 1 : Don't care 



Read-modify-write is 
prohibited. 



Select PWM1 cycle 



00 


26-1 


01 


27-1 


10 


28-1 


11 


Don't care 


Select PWM1 input clock 


00 


</> P1 (fc/4) 


01 


<f> P4 (fc/16) 


10 


<f> P16(fc/64) 


11 


Don't care 


- Select PWM1 mode 





PWMmode 


1 


8-bit timer mode 


Select PWM1 interrupt 





Overflow interrupy 


1 


Compare and match 
interrupt 


Control double buffer 





Disable 


1 


enable 



PWM timer Fiip-flop3 (TFF3) 
output value (T03) 



Figure 3.8 (5) 8-bit PWM 1 mode control register 
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PFFCR 
(002AH) 



bit Symbol 



Read/Write 



After reset 



Function 



FF3C0 







00: Don't care 
01 : Set TFF3 
10: Clear TFF3 
1 1 : Don't care 



FF3TRG1 ; FF3TRG0 







00 : Disable TFF3 inverted. 

01 : Invert by match. 

10 : Set by match; 

clear by overflow, 

1 1 : Clear by match ; 

set by overflow. 



FF2C1 



FF2C0 







00: Don't care 
01 : SetTFF2 
10: Clear TFF2 
1 1 : Don't care 



FF2TRG1 I FF2TRG0 











00 : Disable TFF2 inverted. 

01 : Invert by match. 

10 : Set by match; 

clear by overflow, 

1 1 : Clear by match ; 

set by overflow. 



Select PWM timer F/F2 (TFF2) trigger 



00 


Disable TFF2 trigger. 


01 


Invert by compare and match. 


10 


Set by compare and match. 
Clear by 2 n - 1 overflow. 


11 


Clear by compare and match. 
Set by 2 n - 1 overflow. 



Control PWM timerF/F2 (TFF2) 



00 


Don't care 


01 


SetTFF2 to"1". 


10 


Clear TFF2 to "0". 


11 


Don't care 


Select PWM timer 
F/F3 (TFF3) trigger. 


00 


Disable TFF3 trigger. 


01 


Invert by compare and match. 


10 


Set by compare and match. 
Clear by 2 n - 1 overflow. 


11 


Clear by compare and match. 
Set by 2 n - 1 overflow. 


Control PWM timerF/F2 (TFF2) 


00 


Don't care 


01 


SetTFF3to "1". 


10 


Clear TFF3 to "0". 


11 


Don't care 



Figure 3.8 (6) 8-bit PWM F/F control register 
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TRUN 
(0020H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


PRRUN 




T5RUN 


T4RUN 


P1RUN 


PORUN 


T1RUN 


TORUN 


Read/Write 


R/W 




R/W 


After reset 

























Function 


Prescaler & Timer Run/Stop CONTROL 
0: Stop& Clear 
1: Run (Count up) 



8-bit timer (timerO) operation 






Stop & clear 


1 


Count 


Dit timer (timer - !) operation 





Stop & clear 


1 


Count 



8-bit PWM timer (PWM0/timer2) operation 



Stop& clear 

1 Count 



8-bit PWM timer (PWM0/timer2) operation 



Stop& clear 

1 Count 



1 6-bit timer (timer4) operation 

Stop& clear 

1 Count 



1 6-bit timer (timer5) operation 

StopS clear 

1 Count 



Prescaler operation 

Stop S clear 

1 Count 



Figure 3.8 (7) Timer operation control register (TRUN) 



MCU900-84 



TOSHIBA 



TMP96C141 



The following explains PWM timer operations. 

(1) PWM timer mode 

Both PWM timers can output 8-bit resolution PWM independently. Since both timers 
operate in exactly the same way, PWMO is used for the purposes of explanation. 
PWM output changes under the following two conditions. 

Condition 1: 

• TFF2 is cleared to when the value in the up-counter (UC2) and the value set in 
the TREG2 match. 

• TFF2 is set to 1 when a 2 n -l counter overflow (n = 6, 7, or 8) occurs. 
Condition 2: 

• TFF2 is set to 1 when the value in the up-counter (UC2) and the value set in 
TREG2 match. 

• TFF2 is cleared to when a 2 n -l counter overflow (n = 6, 7, or 8) occurs. 
The up-counter (UC2) is cleared by a 2 n -l counter overflow. 

The PWM timer can output 0%-100% duty pulses because a 2 n -l counter overflow has 
a higher priority. That is, to obtain 0% output (always low), the mode used to set TFF2 
to due to overflow (PFFCR<FF2TRG1,0> = 1,0) must be set and 2 n -l (Value for 
overflow) must be set in TREG2. To obtain 100% output (always high), the mode must 
be changed: PFFCR<FF2TRG1,0> = 1,1 then the same operation is required. 



PWM timing 

PWM counter 



Timing in 
detail 



Overall 
timing 
(Note) 



Match detect 



2 n -1 overflow 
counter clear 



Match detect 



2 n -1 overflow 



Timer F/F output 
(T02/T03) 



"X m )(m + 1 \ 2"-2X 2"-1 £ 

n 



JTL 



Figure3.8 (8) Output Waves in PWM Timer Mode 

Note : The above waves are obtained in a mode where the F/F is set by a match with the timer 
register (TREG) and reset by an overflow. 
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Figure 3.8 (9) is a block diagram of this mode. 



fc/2 



prescaler 



0P1 



(P16 



Clock control 



t t t 

P0MOD<T2CLK1,0> 



8-bit up-counter 
(UC2) 



Clear 



POMOD 
<PWM0S1,0> 

_L_L 



2"-1 overflow 
control 



8-bit 
comparator 
(CP2) 



Match 



Selctor 
Y 

A S 



Shift trigger 



8-bit 
timer register 
(TREG2) 



P0MOD<DB2EN> 



Register buffer 
7^ ' 



overflow 
overflow 

PFFCR<FF2TRG1,0> 



PFFCR<FF2C1,0> 



Timer 

F/F 
control 



Interrupt 



control 



P0MOD<PWM0INT> 



Internal bus 

Figure 3.8 (9) Block diagram of PWM Timer Mode (PWMO) 

In this mode, enabling double buffer is very useful. The register buffer value shifts 
into TREG2 when a 2 n -l overflow is detected, when double buffer is enabled. 
Using double buffer makes handling small duty waves easy. 



.Match with TREG2 

2n-i 
overflow 

TREG2 
(Compared value) 

Register buffer 



(Up-counter = Q1) 


(Up-counter = Q2) 




A 


('Shift from register buffer 


Qi 






Q 2 


^3 



Register buffer write 
Figure3.8 (10) Register Buffer Operation 



MCU900-86 



TOSHIBA 



TMP96C141 



Example: To output the following PWM waves to T02 pin using PWMO at 
fc = 16 MHz 



15^s 



31.75,«s 



To implement 31.75^s PWM cycle by yiPl = 0.25 ^s (@fc = 16 MHz) 

31.75//sh-0.25//s = 127 = 2 7 -1. 
Consequently, set n to 7. 

Since the low level cycle = 15 /^s;for <fi~Pl = 0.25 fts 

15^s-^0.25 = 60 = 3CH 
set the3CH in TREG2. 



76543210 

TRUN <- - X - - 

P0MOD <■ - 1 

TREG2 «-00111100 

P0MOD «• - 1 1 

PFFCR <- 0111 

P7CR «-XXXX-l-- 

P7FC <-XXXX-l-X 

TRUN MX 1 - - 



Stops PWMO and clears it to 0. 

Sets PWM (27-1) mode, input clock ySP1, overflow 

interrupt, and disables double buffer. 

Writes 3CH. 

Enables double buffer. 

Sets TFF2 and a mode where TFF2 is set by compare and 
match, and cleared by overflow. 

Sets P72 asT02 pin 

Starts PWMO counting. 



Note : X ; don't care - ; no change 



Table3.8 (1) PWM Cycle and 2 n -1 Counter Setting 





Formula 


16MHz 


20MHz 






S/SP4 


^P16 


ySP1 




0P16 


26-1 


26-1 x jSPn 


15.8^s 


63.0,«s 


252^s 


12.6^s 


50A/us 


20 Vs 






(63kHz) 


(16kHz) 


(3.9kHz) 


(79kHz) 


(20kHz) 


(4.9kHz) 


27-1 


27-1 x j5Pn 


31.8^/s 


127.0/^s 


508,«s 


25A/& 


101.6^s 


406//S 






(31kHz) 


(7.9kHz) 


(1.9kHz) 


(39kHz) 


(9.8kHz) 


(2.5kHz) 


28-1 


28-1 x ?SPn 


63.8//S 


255.0/^s 


1020^s 


51.0^s 


204.0,«s 


816//S 






(16kHz) 


(3.9kHz) 


(0.98kHz) 


(20kHz) 


(4.9kHz) 


(1.2kHz) 
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(2) 8-bit timer mode 

Both PWM timers can be used independently as 8-bit interval timers. Since both 
timers operate in exactly the same way, PWMO (timer 2) is used for the purposes of 
explanation. 

(D Generating interrupts at a fixed interval 

To generate timer 2 interrupt (INTT2) at a fixed interval using PWMO timer, 
first stop PWMO, then set the operating mode, input clock, and interval in the 
POMOD and TREG2 registers. Next, enable INTT2 and start counting PWMO. 

Example: To generate a timer 2 interrupt every 40//S at fc = 16MHz, set 
registers as follows: 



76543210 



TRUN 
POMOD 

TREG2 

INTEPW10 

TRUN 

Note: 



- X 
X 



- - 

1 1 X X 



<- 1 1 



<- 1 X 

X ; don't care 




-110 
- - 1 - - 



Stops PWMO and clears it to 0. 

Sets 8-bit timer mode and selects ^P1 (0.25 ^s) and 
compare interrupt. 

Sets40,«s/0.25//s = A0H in timer register. 
Enables INTT2 and sets interrupt level 4. 
Starts counting PWMO. 



; no change 



Select an input clock using the table below. 



Table3.8 (2) Interrupt Cycle and Input Clock Selection using 8-bit timer mode 



Input clock 


Interrupt cycle 
(@fc= 16MHz) 


Resolution 


Interrupt cycle 
(@fc = 20MHz) 


Resolution 


j5P1 (4/fc) 


0.25 /us ~ 64 jus 


0.25 f& 


0.2 //s~51 .2 fxs 


0.2 /xs 


9 sP4(16/fc) 


1 ^s ~ 256 /us 


1 ^s 


0.8 //s-204.8 fxs 


0.8 /us 


?5P16(64/fc) 


4 /us ~ 


4 /us 


3.2 //s-819.2 jus 


3.2 /us 



Note : To generate interrupts in 8-bit timer mode, bit 5 (interrupt control bit <PWM0INT> / 



<PWM1NT> ofP0MOD/PlMOD)mustbe set to 1. 
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Generating a 50% square wave 

To generate a 50% square wave, invert the timer flip-flop at a fixed interval and 
output the timer flip-flop value to the timer output pin (T02). 

Example: To output a 3.0 jus square wave at fc = 16 MHz from T02 pin, set 
registers as follows. 



76543210 

TRUN <- - X - - 

P0M0D <-X01100XX 

TREG2 <- 00110 

PFFCR <- 1001 

P7CR <-XXXX-l-- 

P7FC <-XXXX-l-X 

TRUN MX 1 - - 



Stops PWM0 and clears it to 0. 

Sets 8-bit timer mode and selects ^Pl (0.25 ^s) as the 
input clock. 

Sets 3.0^s/0.25//s/2 = 6 in the timer register. 

Clears TFF2 to and inverts using comparator output. 



Note : X ; don't care 



Sets P72 asT02 pin. 
Starts counting PWM0. 
- ; no change 



<3>P1 



TRUN 



Comparator 
timing 



Match 
detect 



Up-counter ^^JM^^jjOjiElE 

R 




Figure3.8(11) Square Wave (50% Duty) Output Timing Chart 
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This mode is as shown in Figure 3.8 (12) below. 



fc/2- 



Prescaler 



?sP1 ,sP4 i? iP16, 



Clock control 



t t 

P0MOD<T2CLK1,0>/ 
P1MOD<T3CLK1,0> 



TREG2/3 WR 



Clear 



Register write 




T02/T03 



PFFCR<FF2C1,0>/ 
PFFCR<FF3C1,0> 
PFFCR<FF2TRG1, 0>/ 
PFFCR<FF3TRG1,0> 



INTT2 
/INTT3 



P0MOD<PWM0INT>/ 
P1MOD<PWM1INT> 



Internal bus 



Figure3.8 (12) Block Diagram of 8-bit Timer Mode 
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3.9 16-bitTimer 

TMP96C141 has two (timer 4 and timer 5) multifunctional 16-bit timer/event counter 
with the following operation modes. 

• 16-bit interval timer mode 

• 16-bit event counter mode 

• 16-bit programmable pulse generation (PPG) mode 

• Frequency measurement mode 

• Pulse width measurement mode 

• Time differential measurement mode 

Timer/event counter consists of 16-bit up-counter, two 16-bit timer registers, two 16- 
bit capture registers (One of them applies double-buffer), two comparators, capture 
input controller, and timer flip-flop and the control circuit. 

Timer/event counter is controlled by 4 control registers: T4MOD/T5MOD, T4FFCR / 
T5FFCR, TRUN and T45CR. 

Figure 3.9 (1), (2) shows the block diagram of 16-bit timer/event counter (timer 4 and 
timer 5) . 
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Software Capture I I 
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TV 



TV 
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Capture register 3 
CAP3 
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Software Capture I I 



TV 



Lower byte 



Capture register 4 
CAP4 
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TI5- 



Capture 
control 



Trigger 
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:CAP34M1, M0> 5 s T4 ' 
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TI6 



Selector 



TRUN<T5RUN> 
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16-bit up-counter 
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I 4 

T5MOD<T6CLK1,0> 
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T5MOD<CLE> 



Comparator 
CP6 
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7 6 


5 


4 3 


2 


1 





bit Symbol 


CAP2T5 j EQ5T5 


CAP1IN 


CAP12M1 : CAP12M0 


CLE 


T4CLK1 


T4CLK0 


Read/Write 


R/W 


W 


R/W 


R/W 


R/W 


After reset 








1 














Function 


TFF5 invert trigger 
0: Disable trigger 
1 : Enable trigger 


0: Soft- 
Capture 

1 : don't 
care 


Capture timing 
00: Disable 

INT4 occurs at rise edge. 
01 : TI4 t TI5 t 

INT4 occurs at rise edge. 
1 : TI4 1 Tin 

INT4 occurs at fall edge. 
1 1 : TFF1 T TFF1 1 

INT4 occurs at rise edge. 


1: UC4 
Clear 
Enable 


Timer 4 source clock 

00:TI4 

01 : jST1 

10: ,ST4 

11: ,1116 


Invert 
when the 
UC value is 
loaded to 
CAP2 


Invert 
when the 
up-counter 
matches 
TREG5 



J 



Timer 4 input clock 



00 


External clock (TI4) 


01 


?5T1 (8/fc) 


10 


95 T4 (32/fc) 


11 


?ST16(128/fc) 



Clearing the up-counter UC4 

Clear disable 

1 Clear by match with TREG5. 



Figure 3.9 (3) 16-Bit Timer Mode Controller Register (T4MOD) (1/2) 
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7 6 


5 


4 


3 


2 


1 





bit Symbol 


CAP2T5 


EQ5T5 


CAP1IN 


CAP12M1 


CAP12M0 


CLE 


T4CLK1 


T4CLK0 


Read/Write 


R/W 


W 


R/W 


R/W 


R/W 


After reset 








1 

















Function 


TFF5 invert trigger 
0: Disable trigger 
1 : Enable trigger 


0: Soft- 
Capture 

1: don't 
care 


Capture timing 
00: Disable 

INT4 occurs at rise edge. 
01 : TI4 TI5 t 

INT4 occurs at rise edge. 
1 : TI4 1 TI4 J, 

INT4 occurs at fall edge. 
11:TFF1| TFF1 I 

INT4 occurs at rise edge. 


1: UC4 
Clear 
Enable 


Timer 4 source clock 
00: TI4 
01 : jST1 
10: fJA 
11 : ?ST16 


Invert 
when the 
UC value is 
loaded to 
CAP2 


Invert 
when the 
up-counter 
matches 
TREG5 



J 



' — *- Capture timing of timer4 





Capture control 


INT4 control 


00 


Capture disable 


Interrupt occurs 
at the rise edge ^j— 
of TI4 (INT1) 
input. 


01 


CAP1 atTI4 rise 
CAP2 atTI5 rise 


10 


CAP1 atTI4rise 
CAP2 atTI4fall 


Interrupt occurs __. 
at the fall edge t_ 
of TI4 (I NT 1 ) 
input. 


11 


CAP1 atTFFI rise 
CAP2 atTFFI fall 


Interrupt occurs .— 
at the rise edge -r 
of TI4 (I NT 1 ) 
input. 



Software capture 

The up-counter4 value is loaded to CAP1 
(software capture). 

1 Always read as "1". 



Timer flip-flop 5 (TFF5) invert trigger 



Trigger disable (Invert Prohibition) 



Trigger enable (Invert permission) 



CAP2T5 : Invert when the up-counter value is loaded to CAP2 
EQ5T5 : Invert when the up-counter matches TREG5 



Figure 3.9 (4) 16-Bit Timer Controller Register (T4MOD) (2/2) 
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T4FFCR 
(0039H) 





7 


6 


5 


4 


3 


2 


1 


bit Symbol 


TFF5C1 


TFF5C0 


CAP2T4 


CAP1T4 


EQ5T4 


EQ4T4 


TFF4C1 i TFF4C0 


Read/Write 


W 


R/W 


R/W 


R/W 


R/W 


W 


After reset 























Function 


00: Invert TFF5 
01 : Set TFF5 
10: Clear TFF5 
1 1 : don't care 

Always read as "11". 


TFF4 invert trigger 
0: Disable trigger 
1: Enable trigger 


00: Invert TFF4 
01: Set TFF4 
10: Clear TFF4 
1 1 : don't care 

Always read as 
"11" 


nvert when 
the UC value 
s loaded to 
CAP2 


Invert when 
the UC value 
is loaded to 
CAP1 


Invert when 
the UC 
matches 
TREG5 


Invert when 
the UC 
matches 
TREG4 



^ Timer flip-flop 4 (TFF4) control 



00 


Inverts the TFF4 value (software inversion). 


01 


SetsTFF4 to "1". 


10 


ClearTFF4 to "0". 


11 


Don't care (Always read as " 1 1 ") . 


Timer flip-flop 4 (TFF4) invert trigger 





Triggerdisable (Invert prohibition) 


1 


Trigger enable (Invert permission) 



CAP2T4 : Invert when the up-counter value is loaded to CAP2 

CAP1T4 : Invert when the up-counter value is loaded to CAP1 

EQ5T4 : Invert when up-counter matches TREG5 

EQ4T4 : Invert when up-counter matches TREG4 



Timer flip-flop 5 (TFF5) control 



00 


Inverts the TFF5 value (software inversion). 


01 


SetTFF5 to "1". 


10 


Clear TFF5 to "0". 


11 


Don't care (Always read as " 1 1 ".) 



Figure 3.9 (5) 16-Bit Timer 4 F/F Control (T4FFCR) 
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7 


6 


5 


4 


3 


2 


1 





bit Symbol 






CAP3IN 


CAP34M1 


CAP34M0 


CLE 


T5CLK1 


T5CLK0 


Read/Write 




W 


R/W 


R/W 


R/W 


After reset 






1 

















Function 




0: Soft- 
Capture 

1: don't 
care 


Capture timing 
00: Disable 

IIMT6 occurs at rise edge. 
01 : TI6T TI7 1 

INT6 occurs at rise edge. 
10: TI6f TI6J, 

IIMT6 occurs at fall edge. 
1 1 : TFF1 t TFF1 I 

INT4 occurs at rise edge. 


1: UC5 
Clear 
Enable 


Timer 5 source clock 

00:TI6 

01 : jST1 

10: j(T4 

11: j(T16 



Timer 5 input clock 



00 


External clock (TI4) 


01 


0T1 (8/fc) 


10 


^T4 (32/fc) 


11 


^T16(128/fc) 



Clearing the up-counter UC5 

Clear disable 

1 Clear by match with TREG7 



Figure 3.9 (6) 16-bit Timer Mode Control Register (T5MOD) (1/2) 
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7 6 


5 


4 3 


2 


1 





bit Symbol 




CAP3IN 


CAP34M1 : CAP34M0 


CLE 


T5CLK1 


T5CLK0 


Read/Write 




W 


R/W 


R/W 


R/W 


After reset 




1 


o i 















0: Soft- 
Capture 

1: don't 
care 


Capture timing 
00: Disable 

INT6 occurs at rise edge. 
01 : TI6t TI7 t 

INT6 occurs at rise edge. 
1 : TI6 T TI6 i 

INT6 occurs at fail edge. 
11: TFFIf TFF1 J, 

INT4 occurs at rise edge. 


1: UC5 
Clear 
Enable 


Timer 5 source clock 
00: TI6 
01 : ^T1 
10: 5>T4 
11 : 95T1 6 



L 



' — *■ Timer 5 Capture timing 





Capture control 


INT4 Control 


00 


Capture disable 


Interrupt occurs 
at the rise edge 
of TI6 (INT6) J~ 
input. 


01 


CAP3 atTI6rise 
CAP4 atTI7 rise 


10 


CAP3 atTI6rise 
CAP4atTI6fall 


Interrupt occurs 
at the fall edge 
of TI6 (INT6) 1_ 
input. 


11 


CAP3 atTFFI rise 
CAP4 atTFFI fall 


Interrupt occurs 
at the rise edge [ — 
of TI6 (INT6) J 
input. 


Software capture 





The up-counter 5 value is loaded to CAP3. 


1 


Always read as "1 ". 



Figure 3.9 (7) 16-Bit Timer Control Register (T5MOD) (2/2) 
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T5FFCR 
(0049H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 






CAP4T6 


CAP3T6 


EQ7T6 


EQ6T6 


TFF6C1 


TFF6C0 


Read/Write 




R/W 


R/W 


R/W 


R/W 


W 


After reset 
























Function 




TFF6 invert trigger 
0: Disable trigger 
1 : Enable trigger 


00: Invert TFF6 
01: Set TFF6 
10: Clear TFF6 
1 1 : don't care 

X Always read as 
"11" 


Invert when 
the UC value 
is loaded to 
CAP4 


Invert when 
the UC value 
is loaded to 
CAP3 


Invert when 
the UC 
matches 
TREG7 


Invert when 
the UC 
matches 
TREG6 



Timer flip-flop 6 (TFF6) control 



00 
01 
10 
11 



Inverts the TFF4 value (software inversion). 

SetsTFF6to "1". 

Clear TFF6 to "0". 

Don't care (Always read as "11 ") . 



Timer flip-flop 6 (TFF6) invert trigger 



Triggerdisable (Invert prohibition) 
Trigger enable (Invert permission) 



CAP4T6 
CAP3T6 
EQ7T6 
EQ6T6 



Invert when the up-counter value is loaded to CAP4 
Invert when the up-counter value is loaded to CAP3 
Invert when up-counter matches TREG7 
Invert when up-counter matches TREG6 



Figure 3.9 (8) 16-Bit Timer5 F/F Control (T5FFCR) 
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T45CR 
(003AH) 



bit Symbol 
Read/Write 



After reset 



R/W 



Fix at "0" 



PG1T 



PGOT 



DB6EN 



PG1 shift 
Trigger 
!0:8 bit 
Timer Triggei 
(TimerO, 1) 
1: 16 bit 
Timer Trigger: 
(Timers) 



PGO shift 
Trigger 
0:8 bit 

Timer Trigger 
(TimerO, 1) 
1: 1 6 bit 
Timer Trigger 
(Timer 4) 



0: Disable 
1 : Enable 



Double 
buffer of 
TREG6 



Double 
buffer of 
TREG4 



L- Double buffer countrol 

Disable 

1 Enable 



DB6EN : Double buffer of TREG6 
DB4EN : Double buffer of TREG4 

Figure 3.9 (9) 16-Bit Timer (Timer 4, 5) Control Register (T45CR) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


PRRUN 




T5RUN 


T4RUN 


P1RUN 


PORUN 


T1 RUN 


TORUN 


Read/Write 


R/W 




R/W 


After reset 



























Prescaler & Timer Run/Stop CONTROL 
0: Stop & Clear 
1: Run (Count up) 



■>- Operation of 16-bit timer (timer4) 

Stop and clear 

1 Count 



Operation of 16-bit timer (timer5) 

Stop and clear 

1 Count 



Operation of prescaler 
STOP and clear 



1 Count 



Figure 3.9 (10) Timer Operation Contorl Register (TRUN) 
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CD Up-counter (UC4/UC5) 

UC4/UC5 is a 16-bit binary counter which counts up according to the input 
clock specified by T4MOD<T4CLK1,0> or T5M0D<T5CLK1, 0> register. 

As the input clock, one of the internal clocks ^Tl (8/fc), ?$T4 (32/fc), and <fT16 
(128/fc) from 9-bit prescaler (also used for 8-bit timer), and external clock from TI4 
pin (also used as P80/INT4 pin) or TI6 (also used as P84/INT6 pin) can be selected. 
When reset, it will be initialized to <T4CLK1,0> / <T5CLK1,0> =00 to select 
TI4/TI6 input mode. Counting or stop & clear of the counter is controlled by timer 
operation control register TRUN < T4RUN, T5RUN > . 

When clearing is enabled, up-counter UC4/UC5 will be cleared to zero each time 
it coincides matches the timer register TREG5, TREG7. The "clear enable/disable" 
is set by T4MOD < CLE > and T5MOD < CLE > . 

If clearing is disabled, the counter operates as a free-running counter. 

(D Timer Registers 

These two 16-bit registers are used to set the interval time. When the value of 
up-counter UC4/UC5 matches the set value of this timer register, the comparator 
match detect signal will be active. 

Setting data for timer register (TREG4, TREG5, TREG6 and TREG7) is 
executed using 2 byte date transfer instruction or using 1 byte date transfer 
instruction twice for lower 8 bits and upper 1 bits in order. 



TREG4 



Upper 8 bits 


Lower 8 bits 


000031H 


000030H 


TREG6 


Upper 8 bits 


Lower 8 bits 



000041 H 000040H 



TREG 5 



Upper 8 bits 


Lower 8 bits 


000033H 


000032H 


TREG 7 


Upper 8 bits 


Lower 8 bits 



000043H 000042H 



TREG4 and TREG6 timer register is of double buffer structure, which is paired 
with register buffer. The timer control register T45CR<DB4EN, DB6EN> 
controls whether the double buffer structure should be enabled or disabled. : 
disabled when <DB4EN, DB6EN>=0, while enabled when <DB4EN, 
DB6EN>=1. 
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When the double buffer is enabled, the timing to transfer data from the register 
buffer to the timer register is at the match between the up-counter (UC4/UC5) and 
timer register TREG5/TREG7. 

When reset, it will be initialized to <DB4EN, DB6EN>=0, whereby the 
double buffer is disabled. To use the double buffer, write data in the timer register, 
set <DB4EN, DB6EN> = 1, and then write the following data in the register 
buffer. 

TREG4, TREG6 and register buffer are allocated to the same memory addresses 
000030H/000031H/000040H/000041H. When <DB4EN, DB6EN>=0, same 
value will be written in both the timer register and register buffer. When 
< DB4EN, DB6EN > = 1 , the value is written into only the register buffer. 

(D Capture Register 

These 16-bit registers are used to hold the values of the up-counter. 
Data in the capture registers should be read by a 2-byte data load instruction or 
two 1-byte data load instruction, from the lower 8 bits followed by the upper 8 bits. 



CAP 1 



Upper 8 bits 


Lower 8 bits 


000035H 


000034H 


CAP 3 


Upper 8 bits 


Lower 8 bits 



000045H 000044H 



CAP 2 



Upper 8 bits 


Lower 8 bits 


000037H 


000036H 


CAP 4 


Upper 8 bits 


Lower 8 bits 



000047H 000046H 



© Capture Input Control 

This circuit controls the timing to latch the value of up-counter UC4/UC5 into 
(CAP1, CAP2) / (CAP3, CAP4). The latch timing of capture register is controlled 
by register T4MOD < CAP12M 1, > / T5MOD < CAP34M1, > . 

• When T4MOD < CAP12M 1, > / T5MOD < CAP34M1, > = 00 

Capture function is disabled. Disable is the default on reset. 
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• When T4MOD < CAP12M1, > / T5MOD <CAP34M1, 0> =01 

Data is loaded to CAP1, CAP3 at the rise edge of TI4 pin (also used as P80/INT4) 
and TI6 pin (also used as P84/INT6) input, while data is loaded to CAP2, CAP4 at 
the rise edge of TI5 pin (also used as P81/INT5) and TI7 pin (also used as 
P85/INT7) input. (Time difference measurement) 

• When T4MOD < CAP12M1, > / T5MOD < CAP34M1, > = 10 

Data is loaded to CAP1 at the rise edge of TI4 pin input and to CAP3 at the rise 
edge of TI6, while to CAP2, CAP4 at the fall edge. Only in this setting, interrupt 
INT4/INT6 occurs at fall edge. (Pulse width measurement) 

• WhenT4MOD<CAP12Ml,0>/T5MOD <CAP34M1, 0> =11 

Data is loaded to CAP1, CAP3 at the rise edge of timer flip-flop TFF1, while to 
CAP2, CAP4 at the fall edge. 

Besides, the value of up-counter can be loaded to capture registers by software. 
Whenever "0" is written in T4MOD<CAPIN>, T5MOD<CAP31N> the current 
value of up-counter will be loaded to capture register CAP1/CAP3. It is necessary 
to keep the prescaler in RUN mode (TRUN < PRRUN > to be "1"). 

(D Comparator 

These are 16-bit comparators which compare the up-counter UC4/UC5 value 
with the set value of (TREG4, TREG5) / (TREG6, TREG7) to detect the match. 
When a match is detected, the comparators generate an interrupt (INTT4, INTT5) 
/ (INTT6, INTT7) respectively. The up-counter UC4/UC5 is cleared only when 
UC4/UC5 matches TREG5/TREG7. (The clearing of up-counter UC4/UC5 can be 
disabled by setting T4MOD < CLE > / T5MOD < CLE > = 0.) 

© Timer Flip-flop (TFF4/TFF6) 

This flip-flop is inverted by the match detect signal from the comparators and 
the latch signals to the capture registers. Disable/enable of inversion can be set 
for each element by T4FFCR<CAP2T4, CAP1T4, EQ5T4, EQ4T4> / T6FFCR 
< CAP4T6, CAP3T6, EQ7T6, EQ6T6 > . TFF4/TFF6 will be inverted when "00" is 
written in T4FFCR<TFF4C1,0 > / T6FFCR<TFF6C1, 0>. Also it is set to "1" 
when "10" is written, and cleared to "0" when "10" is written. The value of 
TFF4/TFF6 can be output to the timer output pin T04 (also used as P82) and T06 
(also used as P86). 
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(2) Timer Flip-flop (TFF5) 

This flip-flop is inverted by the match detect signal from the comparator and the 
latch signal to the capture register CAP2. TFF5 will be inverted when "00" is 
written in T4FFCR<TFF5C1,0>/T6FFCR<TFF6C1, 0>. Also it is set to "1" 
when "10" is written, and cleared to "0" when "10" is written. The value of TFF5 
can be output to the timer output pin T05 (also used as P82). 

Note : This flip-flop (TFF5) is contained only in the 16-bit timer 4 

(1) 16-bit Timer Mode 

Timers 4 and 5 operate independently. 

Since both timers operate in exactly the same way, timer 4 is used for the purposes of 
explanation. 

Generating interrupts at fixed intervals 

In this example, the interval time is set in the timer register TREG5 to generate the 
interrupt INTTR5. 



7 6 5 4 3 2 1 

TRUN *• - X - 

INTET54 <-11001000 



T4FFCR 
T4M0D 

TREG5 

TRUN 
Note 



♦■11000011 
(- 1 1 ** 
(•• = 01,10,11) 

MX-l 



Stop timer 4. 

Enable INTTR5 and sets interrupt level 4. Disable 
INTTR4. 

Disable trigger. 

Select internal clock for input and 
disable the capture function. 
Set the interval time (16 bits). 



Start timer 4. 



X ; don't care 



; no change 



(2) 1 6-bit Event Counter Mode 

In 16-bit timer mode as described in above, the timer can be used as an event counter 
by selecting the external clock (TI4/TI6 pin input) as the input clock. To read the value 
of the counter, first perform "software capture" once and read the captured value. 

The counter counts at the rise edge of TI4/TI6 pin input. 

TI4/TI6 pin can also be used as P80/INT4 and P84/INT6. 

Since both timers operate in exactly the same way, timer 4 is used for the purposes of 
explanation. 
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76543210 

TRUN <- - X - 

P8CR <- 

INTET54 <-11001000 

T4FFCR M1000011 

T4M0D <-00100100 

TREG5 <_******** 

TRUN fH-1 



Stop timer 4. 

Set P80 to input mode 

Enable INTTR5 and sets interrupt level 4, while 

disables INTTR4. 

Disable trigger. 

Select TI4 as the input clock. 

Set the number of counts (16 bits). 

Start timer 4. 



Note : When used as an event counter, set the prescaler in RUN mode. 



(3) 16-bit Programmable Pulse Generation (PPG) Output Mode 

Since both timers operate in exactly the same way, timer 4 is used for the purposes of 
explanation. 

The PPG mode is obtained by inversion of the timer flip-flop TFF4 that is to be 
enabled by the match of the up-counter UC4 with the timer register TREG4 or 5 and to 
be output to T04 (also used as P82). In this mode, the following conditions must be 
satisfied. 

(Set value of TREG4) < (Set value of TREG5) 



TRUN 
TREG4 
TREG5 
T45CR 



7 6 5 4 3 
- X - - 



2 10 



* * 



* * 



<- X X X 



T4FFCR M 1 1 1 

T4M0D <- 1 1 * * 
(** =01, 10, 11) 

P8CR «- 1 - - 

P8FC <-X-XX-lXX 

TRUN MX - 1 

Note : X ; don't care - ; no change 



Match with TREG4 
(interrupt INTTR4) . 

Match with TREG5 
(interrupt INTTR5) . 



T04pin 



Stop timer 4. 

Set the duty. (16-Bit) 

Set the cycle. (16-Bit) 

Double Buffer of TREG4 enable 

(Change the duty and cycle at the interrupt INTTR5) 

Set the mode to invert TFF4 at the match with 

TREG4/TREG5, and also set the TFF4 to "0". 

Select the internal clock forthe input, and disable 

the capture function. 

Assign P82 asT04. 
Start timer 4. 



ji n n fi 

n n n 



Figure 3.9(11) Programmable Pulse Generation (PPG) Output Waveforms 
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When the double buffer of TREG4 is enabled in this mode, the value of register buffer 
4 will be shifted in TREG4 at match with TREG5. This feature makes easy the handling 
of low duty waves. 



Match with TREG4 

Match with TREG5 

TREG4 
(value to be 
compared) 

Register buffer 



Jl 



ft 



Up-counter = Qi 




Up-counter = Q2 




( Shift into the TREG5 


Qi 












Q2 


X 


Q3 



Write into the TREG4 



Figure 3.9 (12) Operation of Register Buffer 
Shows the block diagram of this mode. 



TRUN<T4RUN> 



TI4- 
j!T1 - 
jlT4- 
?ST16 



Selector 



16-Bit up-counter 
UC4 



T04 (PPG output) T05 



clear 



16-Bit Comparator 
7^ 



match 



1Z 



F/F 




F/F 


(TFF4) 




(TFF5) 



16-Bit Comparator 



Selector 



7V 



TREG4 



T45CR<DB4EN> 



Register buffer 4 
7^ 



match 



TREG5 



Internal bus 



Figure 3.9 (13) Block Diagram of 16-Bit PPG Mode 
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(4) Application Examples of Capture Function 

The loading of up-counter (UC4) values into the capture registers CAP1 and CAP2, 
the timer flip-flop TFF4 inversion due to the match detection by comparators CP4 and 
CP5, and the output of the TFF4 status to T04 pin can be enabled or disabled. Combined 
with interrupt function, they can be applied in many ways, for example: 

(D One-shot pulse output from external trigger pulse 

(D Frequency measurement 

(D Pulse width measurement 

© Time difference measurement 

® One-shot Pulse Output from External Trigger Pulse 

Set the up-counter UC4 in free-running mode with the internal input clock, input the 
external trigger pulse from TI4 pin, and load the value of up-counter into capture 
register CAP1 at the rise edge of the TI4 pin. Then set to T4MOD < CAP12M1, > = 01. 

When the interrupt INT4 is generated at the rise edge of TI4 input, set the CAP1 
value (c) plus a delay time (d) to TREG4 ( = c + d), and set the above set value (c + d) plus 
a one-shot pulse width (p) to TREG5 (= c + d + p). When the interrupt INT4 occurs the 
T4FFCR<EQ5T4, EQ4T4> register should be set that the TFF4 inversion is enabled 
only when the up-counter value matches TREG4 or TREG5. When interrupt INTTR5 
occurs, this inversion will be disabled. 



Set the counter in free-running mode. 



(external trigger pulse) ;W Load the up-counter value into Capture 
, Register 1 (CAP1) INT4 occurred 





Delay time ! Pulse width 



(d) 



(P) 



010289 



Figure 3.9 (14) One-Shot Pulse Output (with Delay) 
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Setting example : To output 2ms one-shot pulse with 3ms delay to the external 
trigger pulse to TI4 pin 



Main setting 
T4M0D «- • 



10 10 1 
^ 



T4FFCR «■ 11000010 



P8CR <r l - - 

P8FC <- X-XX-1XX 

INTE45 <- 1100 

INTET54<- 10001000 

TRUN «- 1X-1 



Keep counting (Free-runnig) 
Count with 

Load the up-counter value into CAP1 at the rise edge 
of TI4 pin input. 
Clear TFF4 to zero. 
Disable TFF4 inversion. 

Select P82 as the T04 pin. 

Enable INT4, and disable INTTR4 and INTTR5. 

Start timer 4. 



Setting of INT4 

TREG4 <- CAPl+3ins/ jiTl 
TREG5 «- TREG4+2ms/ 9 iTl 

T4FFCR «- 11-- 

1 *■ Enable TFF4 inversion when the up-counter value 

matches TREG4 or 5. 
INTET54*- 1100 Enable INTTR5. 



Setting of INT5 

T4FFCR *- 



Disable TFF4 inversion when the up-counter value 
matches TREG4 or 5. 



_INTET54<- 1 Disable INTTR5. 

Note: X ; don't care - ; no change 



When delay time is unnecessary, invert timer flip-flop TFF4 when the up- 
counter value is loaded into capture register 1 (CAP1), and set the CAP1 value (c) 
plus the one-shot pulse width (p) to TREG5 when the interrupt INT4 occurs. The 
TFF4 inversion should be enabled when the up-counter (UC4) value matches 
TREG5, and disabled when generating the interrupt INTTR5. 
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r coun t cioc k _nnjmnji nnium muum 

(internal clock) r 



TI4 pin input 
(external trigger pulse) 



Match with TREG5 



Timer output pin T04 



/ 



Enables inversion caused 
by loading of the up- 
counter value into CAP1. 



Load the up-counter value into Capture 
Register 1 (CAP1). INT4 occurred 

/*-|NTTR5 
occurred 



Inversion 
enable 



Pulse width 



(P) 



Load the up-counter value into 
Capture Register 2 (CAP2). 



Disables inversion caused by loading of 
the up-counter value into CAP2. 



Figure 3.9 (15) One-Shot Pulse Output (without Delay) 

Frequency Measurement 

The frequency of the external clock can be measured in this mode. The clock is 
input through the TI4 pin, and its frequency is measured by the 8-bit timers 
(Timer and Timer 1) and the 16-bit timer/event counter (Timer 4). 

The TI4 pin input should be selected for the input clock of Timer 4. The value of 
the up-counter is loaded into the capture register CAP1 at the rise edge of the 
timer flip-flop TFF1 of 8-bit timers (Timer and Timer 1), and into CAP2 at its fall 
edge. 

The frequency is calculated by the difference between the loaded values in 
CAP1 and CAP2 when the interrupt (INTTO or INTT1) is generated by either 8-bit 
timer. 



r Count clock _JUUUliUl IUUUI. 

(internal clock) 



TFF1 

Loading UC16 into CAP1 
Loading UC16 into CAP2 
TNTT0/INTT1 




C2 



Figure 3.9 (16) Frequency Measurement 

For example, if the value for the level "1" width of TFF1 of the 8-bit timer is set 
to 0.5 s. and the difference between CAP1 and CAP2 is 100, the frequency will be 
100/0.5 [s] = 200[Hz]. 
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(3) Pulse Width Measurement 

This mode allows to measure the "H" level width of an external pulse. While 
keeping the 16-bit timer/event counter counting (free-running) with the internal 
clock input, the external pulse is input through the TI4 pin. Then the capture 
function is used to load the UC4 values into CAP1 and CAP2 at the rising edge and 
falling edge of the external trigger pulse respectively. The interrupt INT4 occurs 
at the falling edge of TI4. 

The pulse width is obtained from the difference between the values of CAP1 and 
CAP2 and the internal clock cycle. 

For example, if the internal clock is 0.8 microseconds and the difference 
between CAP1 and CAP2 is 100, the pulse width will be 100 X 0.8 = 80 
microseconds. 



Count clock 
(internal clock) 

TI4 pin 

(external pulse) 
Loading UC16into CAP1 

Loading UC16intoCAP2 

INT4 



J1IU1IU1IL 
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Figure 3.9 (17) Pulse Width Measurement 

Note: Only in this pulse width measuring mode (T4M0D<CAP12M1, 0>=10), external 
interrupt INT4 occurs at the falling edge of TI4 pin input. In other modes, it occurs at the 
rising edge. 

The width of "L" level can be measured from the difference between the first C2 
and the second Cl at the second INT4 interrupt. 

© Time Difference Measurement 

This mode is used to measure the difference in time between the rising edges of 
external pulses input through TI4 and TI5. 

Keep the 16-bit timer/event counter (Timer 4) counting (free-running) with the 
internal clock, and load the UC4 value into CAP1 at the rising edge of the input 
pulse to TI4. Then the interrupt INT4 is generated. 

Similarly, the UC4 value is loaded into CAP2 at the rising edge of the input 
pulse to TI5, generating the interrupt INT5. 

The time difference between these pulses can be obtained from the difference 
between the time counts at which loading the up-counter value into CAP1 and 
CAP2 has been done. 
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TI4 pin input 
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INT1 
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Time difference 



Figure 3.9 (18) Time Difference Measurement 
(5) Different Phased Pulses Output Mode 

In this mode, signals with any different phase can be outputted by free-running up- 
counter UC4. 

When the value in up-counter UC4 and the value in TREG4 (TREG5) match, the 
value in TFF4 (TFF5) is inverted and output to T04 (T05). 
This mode can only be used by 16-bit timer 4. 
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Figure 3.9 (19) Phase Output 
Cycles (counter overflow time) of the above output waves are listed below. 
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3.10 Stepping Motor Control/Pattern Generation Port 

TMP96C141 has 2 channels (PGO and PG1) of 4-bit hardware stepping motor 
control/pattern generation (herein after called PG) which actuate in synchronization 
with the (8-bit/16-bit) timers. The PG (PGO and PG1) are shared in 8-bit I/O ports P6. 

Channel (PGO) is synchronous with 8-bit timer or timer 1, 16-bit timer 5, to 
update the output. 

The PG ports are controlled by control registers (PGO ICR) and can select either 
stepping motor control mode or pattern generation mode. Each bit of the P6 can be used 
as the PG port. 

PGO and PG1 can be used independently. 

All PG operate in the same manner except the following points, and thus only the 
operation of PGO will be explained below. 



Different Points between PGO and PG1 
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Figure 3.10 (1) PG Block Diagram 
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bit Symbol 


PAT1 


CCW1 


PG1M 


PG1TE 


PATO I CCWO 


PG0M 


PG0TE 


Read/Write 


R/W 


R/W 


After reset 




















i 


Function 


PG1 write 
mode 

0: 8bit 
write 

1: 4bit 
write 


PG1 

Rotaing 
direction 

0: Normal 
rotation 

1 : Reverse 
rotation 


PG1 mode 
(excitation) 
0: 1 excitation 
or 

2excitation 
1: 1-2 

excitation 


PG1 
trigger 
input 
enable 

0: disable 
1 : enable 


PGO write 
mode 

0: 8bit 
write 

1 : 4bit 
write 


PGO 

Rotaing 

direction 

0: Normal 
rotation 

1 : Reverse 
rotation 


PGO mode :PG0 
(excitation)itrigger 

0: 1 excitation; input 

or jenable 

2excitationL ,. . . 

:0: disable 

1:1-2 i , 

:1 : enable 

excitation : 



PGO Trigger input enable 

Trigger input disable to PGO 

1 Trigger input enableto PGO 



Set the operation mode of PGO 

1 or 2 excitation (full step) 

1 1-2 excitation (half step) / PG mode 



PGO (stepping motor control) 
Rotaing direction control 

Normal rotation / PG mode 

1 Reverse rotation 



Selecting PGO write mode 

8-bit write 

^ 4-bit write / PG mode 

(Only shifter alternate register can be 
written.) 



Figure 3.10 (2 a) Pattern Generation Control Register (PG01CR) 
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PG0M 


PG0TE 


Read/Write 


R/W 


R/W 


After reset 























Function 


PG 1 write 
mode 

0: 8bit 
write 

1 : 4bit 
write 


PG1 

Rotaing 
direction 

0: Normal 
rotation 

1: Reverse 
rotation 


PG1 mode 
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or 
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excitation 


PG1 
trigger 
input 
enable 

0: disable 
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PGO write 
mode 

0: 8bit 
write 
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write 


PGO 

Rotaing 
direction 

0: Normal 
rotation 

1 : Reverse 
rotation 


PGO mode jPGO 

(excitation): trigger 

0: 1 excitation: input 

or lenable 

2excitatiort „ ,. . , 
:0: disable 

:1: enable 
excitation : 



^ PG1 trigger input enable 

Trigger input disable to PG1 

1 Trigger inputenableto PG1 



Set the operation mode of PG1 

1 or 2 excition (full step) 

1 1-2 excitation (half step) /PG mode 



PG1 (stepping motor control) 
Rotaing direction control 

Normal rotation / PG mode 

1 Reverse rotation 



Selecting PG1 write mode 

8-bit write 

1 4-bit write / PG mode 

(Only shifter alternate register can be 
written.) 



Figure 3.10 (2 b) Pattern Generation Control Register (PG01CR) 



MCU900-114 



TOSHIBA 



TMP96C141 





7 


6 


5 


4 3 ! 2 


1 


bit Symbol 


PG03 


PG02 


PG01 


PGOO 


SA03 ! SA02 


SA01 


SAOO 


Read/Write 


W 


R/W 


After reset 














Undefined 


Function 


Pattern Generation (PGO) output 
latch register 

f Reading the P6 that is set to the A 
VJ'G port allows to read-out. J 


Shift alternate register 

For the PG mode (4-bit write) register 



Prohibit Read 
modify write 



Figure 3.10 (3) Pattern Generation Register (PGOREG) 
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SA13 
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Read/Write 
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R/W 


After reset 














Undefined 


Function 


Pattern Generation 1 (PG1) output 
latch register 

f Reading the P6 that is set to the A 
Vj'G port allows to read-out. J 


Shift alternate register 1 

For the PG mode (4-bit write) register 



Prohibit Read 
modify write 



Figure 3.10 (4) Pattern Generation 1 Register (PG1REG) 
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PG1T 


PGOT 


DB6EN 


DB4EN 


Read/Write 


R/W 


R/W 


After reset 









i o 











Function 


Fix at "0" 

Always 
read as 
"0" 








PG1 Shift 
trigger 
0: 8-bit timer 
| trigger 


PGO Shift 
trigger 
0: 8-bit timer 
trigger 


Double buffer 
0: Disable 
1: Enable 








: (timerO, 1) 
|1: 16-bit timer 
| trigger 
i (timer5) 


(timerO, 1) 
1:16bit timer 
trigger 
(timer4) 


Double 
buffer of 
TREG6 


Double 
buffer of 
TREG4 



Double buffer control 

Disable 

1 Enable 



DB6EN : Double buffer of TREG6 
DB4EN : Double buffer of TREG4 

>■ Selecting PGO shift trigger 

8-bit timer trigger (timer 0, 1) 

1 16-bittimertrigger (timer 4) 



Selecting PG1 shifttrigger 

8-bittimertrigger(timer0, 1) 

1 16-bittimertrigger (timer 5) 



Write "0" to this bit, when this register is modified. 



Figure 3.10 (5) 16-bit Timer Trigger Control Register (T45CR) 
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8-Bit timer 
(timer 0, 1) 



16-Bit timer4 



16-Bit timer 5 
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PGOT 
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PGO 
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Port60~63 



Port64~67 
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Figure 3.10 (6) Connection of Timer and Pattern Generator 



(1) Pattern Generation Mode 

PG functions as a pattern generation according to the setting of PG01CR <PAT1> / 
<PAT0>. In this mode, writing from CPU is executed only on the shifter alternate 
register. Writing a new data should be done during the interrupt operation of the timer 
for shift trigger and a pattern can be output, synchronous with the timer. 

In this mode, set PG01CR<PG0M>and<PGlM>to 1, and PG01CR <CCW0> and 
<CCWl>toO. 

The output of this pattern generator is output to port 6 ; since port and functions can 
be switched on a bit basis using port function control register P6FC, any port pin can be 
assigned to pattern generator output. 

Figure 3.10 (7) shows the block diagram of this mode. 
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Shift alternate register 



BUS3 



BUS2 



BUS1 



BUSO 



SA03 



SA02 



SA01 



SAOO 



PG03 



PG02 



PG01 



PGOO 



Shift due to the shift trigger from timer 



Figure 3.10 (7) Pattern Generation Mode Block Diagram (PGO) 

In this pattern generation mode, only writing the output latch is disabled by 
hardware, but other functions do the same operation as 1-2 excitation in stepping motor 
control port mode. Accordingly, the data shifted by trigger signal from a timer must be 
written before the next trigger signal is output. 
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(2) Stepping Motor Control Mode 

(D 4-phase l-Step/2-Step Excitation 

Figure 3.10 (8) and Figure 3.10 (9) show the output waveforms of 4-phase 1 
excitation and 4-phase 2 excitation, respectively when channel (PGO) is selected. 
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Reverse Rotation 



Figure 3.10 (8) Output Waveforms of 4-Phase 1-step Excitation 
(Normal Rotation and Reverse Rotation) 
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Trigger signal 
from timer 
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Initial value PGOREG «- 1 100 x x x x 

Figure 3.10 (9) Output Waveforms of 4-Phase 2-step Excitation (Normal Rotation) 
The operation when channel is selected is explained below. 

The output latch of PGO (also used as P6) is shifted at the rising edge of the trigger 
signal from the timer to be output to the port. 

The direction of shift is specified by PG01CR< CCWO > : Normal rotation 
(PG00^PG01-*PG02^PG03) when <CCW0> is set to "0"; reverse rotation 
(PG00^PG01^PG02^PG03) when "1". 4-phase 1-step excitation will be selected when 
only one bit is set to "1" during the initialization of PG, while 4-phase 2-step excitation 
will be selected when two consecutive bits are set to "1". 

The value in the shift alternate registers are ignored when the 4-phase l-step/2-step 
excitation mode is selected. 

Figure 3.10(10) shows the block diagram. 
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timer. 

Figure 3.10 (10) Block Diagram of 4-Phase 1-step Excitation/2-step Excitation 

(Normal Rotation) 
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4-Phase 1-2 step Excitation 

Figure 3.10 (11) shows the output waveforms of 4-phase 1-2 step excitation 
when channel is selected. 
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Figure 3.10 (1 1) Output Waveforms of 4-Phase 1-2 step Excitation 
(Normal Rotation and Reverse Rotation) 
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The initialization for 4-phase 1-2 step excitation is as follows. 

By rearranging the initial value "b7 b6 b5 b4 b3 b2 bl bO" to "hi b3 b6 b2 b5 bl b4 
bO", the consecutive 3 bits are set to "1" and other bits are set to "0" (positive logic). 

For example, if b7, b3, and b6 are set to "1", the initial value becomes "11001000", 
obtaining the output waveforms as shown in Figure 3.10 (11). 

To get an output waveform of negative logic, set values l's and 0's of the initial value 
should be inverted. For example, to change the output waveform shown in Figure 3.10 
(11) into negative logic, change the initial value to "00110111". 

The operation will be explained below for channel 0. 

The output latch of PG0 (shared by P6) and the shifter alternate register (SAO) for 
Pattern Generation are shifted at the rising edge of trigger signal from the timer to be 
output to the port. The direction of shift is set by PG01CR< CCW0 > . 

Figure 3.10 (12) shows the block diagram. 



b7 



b3 



b6 



b2 



b5 



bl 



b4 



bO 



Shifter alternate 

register 



SA03 



SA02 



SA01 



SA00 



PG0 Output 



PG03 



PG02 



J 
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edge of trigger signal from the timer. 

Figure 3.10 (12) Block Diagram of 4-Phase 1-2 step Excitation (Normal Rotation) 
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Setting example : To drive channel (PGO) by 4-phase 1-2 step excitation (normal 
rotation) when timer is selected, set each register as follows. 



76543210 

TRUN <- - X --0 Stop timer 0, and clear it to zero. 

TMOD <■ X X - - 1 Set 8-bittimer mode and select j5T1 as the input clock of timer 0. 

TFFCR <-XXX01010 ClearTFFI to zero and enablethe inversion trigger by timerO. 

TREGO <-******** Set the cycle in timer register. 

P6CR <- 1111 Set P60-P63 bits to the output mode. 

P6FC <r 1111 Set P60-P63 bits to the PG output. 

PG01CR < --0011 Select PGO 4-phase 1-2 step excitation mode and normal rotation . 

PGOREG <-11001000 Set an initial value. 

TRUN <- 1 X 1 Start timer 0. 



Note : X ; don't care - ; no change 

(3) Trigger Signal From Timer 

The trigger signal from the timer which is used by PG is not equal to the trigger 
signal of timer flip-flop (TFF1, TFF4, TFF5, and TFF6) and differs as shown in Table 
3.10 (1) depending on the operation mode of the timer. 

Table 3.10 (1) Select of Trigger Signal 





TFF1 inversion 


PG shift 


8-bit timer mode 


Selected by TFFCR 
<TFF1IS> when the up- 
counter value matches 
TREGO orTREGI value. 




16-bit timer mode 


When the up-counter 
value matches with both 
TREGO and TREG1 values 
(The value of up-counter 
= TREG1*28 + TREG0) 




PPG output mode 


When the up-counter 
value matches with both 
TREGO and TREG1 


When the up-counter 
value matches TREG1 
value (PPG cycle) 


PWM output mode 


When the up-counter 
value matches TREGO 
value and PWM cycle. 


Trigger signal for PG is 
not generated. 



Note : To shift PG, TFFCR <TFF1IE> must be set to "1" to enable TFF1 inversion. 

Channel 1 of PG can be synchronized with the 16-bit timer Timer4/Timer5. In this 
case, the PG shift trigger signal from the 16-bit timer is output only when the up- 
counter UC4 / UC5value matches TREG5/TREG7. 



MCU900-123 



TOSHIBA 



TMP96C141 



When using a trigger signal from Timer4, set either T4FFCR < EQ5T4 > or T4MOD 
<EQ5T5> to "1" and a trigger is generated when the value in UC4 and the value in 
TREG5 match. When using a trigger signal from Timer5, set T5FFCR<EQ7T6>to 1. 
Generates a trigger when the value in UC5 and the value in TREG7 match. 

(4) Application of PG and Timer Output 

As explained "Trigger signal from timer", the timing to shift PG and invert TFF 
differs depending on the mode of timer. An application to operate PG while operating an 
8-bit timer in PPG mode will be explained below. 

To drive a stepping motor, in addition to the value of each phase (PG output), 
synchronizing signal is often required at the timing when excitation is changed over. In 
this application, port 6 is used as a stepping motor control port to output a synchronizing 
signal to the TOl pin (shared by P71). 



T01 (P71) _ 

n IK "' n n 

TREGO I I 
PG00(P60) I I 

PG01 (P61) I 

PG02 (P62) 



PG03 (P63) 

Figure 3.10 (13) Output Waveforms of 4-Phase 1-step Excitation 
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Setting example: 
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* 




* 


* 


TREG1 


<- 


* 
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* 
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* 


* 


P7CR 


<- 


X 


X 


X 


X 






1 




P7FC 


«- 
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X 


X 


X 
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P6CR 


<- 
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P6FC 


«- 
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1 


PG01CR 


<- 
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PGOREG 


<- 
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* 


TRUN 


«- 


1 


X 










1 


1 



Stop timer 0, and clear it to zero. 

Set timer and timer 1 in PPG output mode and select 

?sT1 as the input clock. 

Enable TFF1 inversion and setTFFI to "1". 

Set the duty of T01 to TREGO. 

SetthecycleofTOI to TREG1 . 

} Assign P71 asTOL 

} Assign P60-63 as PGO. 

Set PGO in 4-phase 1-step excitation mode. 
Set an initial value. 
Start timer and timer 1 . 



Note : X ; don't care - ; no change 
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3.11 Serial Channel 

TMP96C141 contains 2 serial I/O channels for full duplex asynchronous transmission 
(UART) as well as for I/O extension. 

The serial channel has the following operation modes. 

- • I/O interface mode Mode 0: To transmit and receive I/O data as 

(channel 1 only) well as the synchronizing signal 

Note : TMP96C141A / TMP96C041A / SCLK for extending I/O. 

TMP96CM40 / TMP96PM40 with 



channel and 1 
• Asynchronous 



Mode 1 
Mode 2 



transmission (UART) mode I — Mode 3 
(channel and 1) 



7- bit data 

8- bit data 

9- bit data 



In mode 1 and mode 2, a parity bit can be added. Mode 3 has wake-up function for 
making the master controller start slave controllers in serial link (multi-controller 
system). 

Figure 3.11 (1) shows the data format (for one frame) in each mode. 

• Mode (I/O interface mode) 

'''■■©GD(Z)<Z)CDGIZID' 

■< — Transfer direction 

• Mode 1 (7-bit UART mode) 

"''ViiXsiJCIXIXZXZXIXI^®^'''' 

• Mode 2 (8-bit UART mode) 

• Mode 3 (9-bit UART mode) 

\start / (bito)(~r"yT"y^^ (Wake-up) 

\ s 

When bit 8 = 1, address (select code) is denoted. 
When bit 8 = 0, data is denoted. 

Figure 3.1 1 (1) Data Formats 
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The serial channel has a buffer register for transmitting and receiving operations, in 
order to temporarily store transmitted or received data, so that transmitting and 
receiving operations can be done independently (full duplex). 

However, in I/O interface mode, SCLK (serial clock) pin is used for both transmission 
and receiving, the channel becomes half-duplex. 

The receiving data register is of a double buffer structure to prevent the occurrence of 
overrun error and provides one frame of margin before CPU reads the received data. 
The receiving data register stores the already received data while the buffer register 
receives the next frame data. 

By using CTS and RTS (there is no RTS pin, so any 1 port must be controlled by 
software), it is possible to halt data send until the CPU finishes reading receive data 
every time a frame is received. (Handshake function) 

In the UART mode, a check function is added not to start the receiving operation by 
error start bits due to noise. The channel starts receiving data only when the start bit is 
detected to be normal at least twice in three samplings. 

When the transmission buffer becomes empty and requests the CPU to send the next 
transmission data, or when data is stored in the receiving data register and the CPU is 
requested to read the data, INTTX or INTRX interrupt occurs. Besides, if an overrun 
error, parity error, or framing error occurs during receiving operation, flag 
SCOCR/SC1CR<OERR, PERR, FERR> will be set. 

The serial channel 0/1 includes a special baud rate generator, which can set any baud 
rate by dividing the frequency of 4 clocks (^T0, ?$T2, ^T8, and ^T32) from the internal 
prescaler (shared by 8-bit/16-bit timer) by the value 2 to 16. 

In I/O interface mode, it is possible to input synchronous signals as well as to transmit 
or receive data by external clock. 

3.11.1 Control Registers 

The serial channel is controlled by 3 control registers SCOCR, SC0MOD and BROCR. 
Transmitted and received data are stored in register SCOBUF. 
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SCOMOD 
(0052H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


TB8 


CTSE 


RXE 


WU 


SM1 


SM0 


SC1 


SCO 


Read/Write 


R/W 


After reset 


























Function 


Transfer 
data 
Bit 8 


Hand 
shake 

0: CTS 

disable 
1: CTS 

enable 


Receiving 
Function 
0: Receive 

disable 
1 : Receive 

enable 


Wake up 
Function 

0: disable 
1: Enable 


Serial transmission 
mode 

00: I/O interface 
01: 7-bit U ART 
10: 8-bit UART 
1 1 : 9-bit UART 


Serial transmission 
clock (UART) 
00: TOO Trigger 
01 : baud rate 
generator 
10: Internal clock 4>1 
11: don't care 



1 



Serial transmission clock (UART) 



00 


Timer match detect signal 


01 


Baud rate generator 


10 


Internal clock $1 


11 


don't care 


Serial transmission mode 


00 


I/O interface mode 


01 


UART 


7-bit length 


10 


8-bit length 


11 


9-bit length 



Note: I/O interface mode can not 
be used by the TMP96C141 



Wake-up Function 





9- bit UART 


Other mode 





Interrupt when 
data are received 


don't care 


1 


Interrupt only 
when RB8= 1 


Receiving Function 





Receive Disable 


1 


Receive Enable 


Hand shake function (CTS Pin) enable 



Disable (always Transferable) 



1 Enable 

' *■ Transmission data bit 8 

Note: There is SC1MOD (56H) in Channel! 

Figure 3.1 1 (2) Serial Mode Control Register (channel 0, SCOMOD) 
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SCOCR 
(0051 H) 





7 


6 


5 


4 


3 


2 1 





bit Symbol 


RB8 


EVEN 


PE 


OERR 


PERR 


FERR i SCLKO 


IOC0 


Read/Write 


R 


R/W 


R ( cleared to Zero when read) ; R/W 


After reset 






















Function 


Received 
data 
Bit8 


Parity 
0: Odd 
1 : Even 


Parity 
addition 
0: Disable 
1: Enable 


j 0:SCLK0 

1: error K_f~) 


0: 

Baud Rate 
Generator 
1 : SCLKO 
Pin input 


Overrun 


Parity 


! 1: SCLKO 

Framing : 



I 



Select I/O interface input clock (Note!) 



Baud rate generater 
SCLKO Pin input 



Notel :forTMP96C141,fixthisbitto "0". 
Edge selection in SCLK pin input mode (Note!) 



Transmits and receives ( It ) 

data at raise edge of SCLK 



Transmits and receives ( \_ ) 
data at fall edge of SCLK 



Notel :forTMP96C141,fixthis Ditto "0". 

-Framing error flag | 
„ V Cleared to Zero 

-Parity error flag > when read . 

'Overrun error flag J 



Enable parity addition 

Prohibition (disable) 

1 Permission (enable) 
Addition / check of even parity 

Odd parity 

1 Even parity 



Receving data bit 8 



Note : Serial control register for channel 1 is SC1CR (55H). 

Note : As all error flags are cleared after reading do not test only a single bit with a bit- 
testing instruction. 

Figure 3.1 1 (3) Serial Control Register (channel, SCOCR) 
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BROCR 
(0053H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 






BR0CK1 


BR0CK0 


BR0S3 


BR0S2 


BR0S1 


BR0S0 


Read/Write 






R/W 


After reset 

























Function 


Fix at "0" 




00: ?ST0(fc/4) 
01: ?lT2(fc/16) 
10: jlT8(fc/64) 
1 1 : ^T32 (fc/256) 


Setting of the Divided frequency 



Setting of the divided frequency 
of baud rate generator 



0000 


16 divisions 


0001 


Don't set 


0010 
5 

1111 


2 to 15 divisions 



Selecting the input clock of 
baud rate generator 



00 


Internal clock jSTO (fc/4) 


01 


Internal clock jsT2 (fc/16) 


10 


Internal clock ,118(^64) 


11 


Internal clock jiT32 (fc/256) 



Note : As all error flags are cleared after reading, do not test only a single bit with a bit- testing 
instruction. 

Figure 3.1 1 (4) Serial Channel Control (channel 0, BROCR) 



SC0BUF 
(50H) 



7 


6 


5 


4 


3 


2 


1 





TB7 


TB6 


TB5 


TB4 


TB3 


TB2 


TB1 


TB0 


7 


6 


5 


4 


3 


2 


1 





RB7 


RB6 


RB5 


RB4 


RB3 


RB2 


RB1 


RB0 



(Transmission) 



(Receiving) 



Figure 3.11 (5) Serial Transmission / Receiving Buffer Registers (channel 0, SC0BUF) 
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SC1 MOD 
(0056H) 





7 


6 


5 


4 


3 2 


1 


bit Symbol 


TB8 




RXE 


WU 


SM1 SMO 


SC1 SCO 


Read/Write 


R/W 


After reset 






















Transferee) 


Fix at "0" 


Receiving 


Wake up 


Serial Transmission 


Serial Transmission 




data 




Function 


Function 


mode 


clock (UART) 




Bit 8 




0: Receive 


0: disable 


00: I/O interface 


00: TOO Trigger 








disable 


1 : enable 


mode 


01: Baud rate 


Function 






1: Receive 




01: 7-Bit UART 


generator 








Enable 




10: 8-Bit UART 


10: Internal clock $1 












1 1 : 9-Bit UART 


11: don't care 



1 



Serial transmission clock (For UART) 



00 


Timer match detect signal 


01 


Baud rate generator 


10 


Internal clock $1 


11 


don't care 



Note : The clock selection for the I/O interface 
mode is controlled by the serial control 
register (SC1CR). 
Serial transmission mode 



00 


I/O interface mode 


01 


UART mode 


7-Bit length 


10 


8-Bit length 


11 


9-Bit length 



Wake up Function 





9-Bit UART 


Other mode 





Interrupt when 
data are received 


don't care 


1 


Interrupt only 
when RB8= 1 



Receiving control 
Receive disable 



1 Receive enable 



Transmission data bit 8 



Figure 3.11 (6) Serial Mode Control Register (Channel 1, SC1MOD) 
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7 


6 


5 


4 


3 


2 


1 





bit Symbol 


RB8 


EVEN 


PE 


OERR I 


PERR 


FERR 


SCLKS 


IOC 


Read/Write 


R 


R/W 


R (clearto Zero when read) 


R/W 


After reset 










o ; 














Function 


Received 
data 
Bit 8 


Parity 
0: Odd 
1: Even 


Parity 
addition 
0: Disable 
1 : Enable 


1 : error 


0: SCLK1 

C_jT) 

1: SCLK1 

CO 


0: 

Baud rate 
generator 
1: SCLK1 
Pin input 


Overrun • 


Parity 


Framing 



Select I/O interface input clock 

Baud rate generate 

1 SCLK1 Pin input 



Edge selection in SCLK pin input mode 

Transmits and receives ( ^ ) 

^ data at raise edge of SCLK 

Transmits and receives ( } ) 
1 data at fall edge of SCLK 



Framing error flag 
Parity error flag 
Overrun error flag 



} Cleared to Zero 
when read 



Enable parity addition 

Disable 

1 Enable 



Addition / check of even parity 

Odd Parity 

1 Even Parity 



Receiving data bit 8 



Note : As all error flags are cleared after reading, do not test only a single bit with a bit- 
testing instruction. 

Figure 3.1 1 (7) Serial Control Register (Channel 1, SC1CR) 
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BR1CR 
(0057H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 






BR1CK1 


BR1CK0 


BR1S3 


BR1S2 


BR1S1 


BR1S0 


Read/Write 






R/W 


After reset 

























Function 


Fix at "0" 




00: jiT0(fc/4) 
01: 5iT2 (fc/16) 
10: ,sT8(fc/64) 
1 1 : ^T32 (fc/256) 


Setting of the Divided frequency 



Setting of the divided frequency of baud rate 
generator 



0000 


1 6 divided 


0001 


Don't set 


0010 

1111 


2 to 5 divisions 



Selecting the input clock of baud rate generator 



00 


Internal clock ^T0 (fc/4) 


01 


Internal clock <j>12 (fc/16) 


10 


Internal clock ,(18(^/64) 


11 


Internal clock jST32 (fc/256) 



Note : To use baud rate generator, set TRUN<PRRUN>to "1", putting the prescaler in RUN 
mode. 



Figure 3.1 1 (8) Baud Rate Generator Control Register (channel 0, BR0CR) 



SC1BUF 
(0054H) 



7 


6 


5 


4 


3 


2 


1 





TB7 


TB6 


TB5 


TB4 


TB3 


TB2 


TB1 


TB0 


7 


6 


5 


4 


3 


2 


1 





RB7 


RB6 


RB5 


RB4 


RB3 


RB2 


RB1 


RB0 



(Transmission) 



(Receiving) 



Figure 3.1 1 (9) Serial Transmission / Receiving Buffer Registers (channel 1, SC1BUF) 
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7 


6 


5 


4 


3 


2 


1 





bit Symbol 






P95F 




P93F 


P92F 




P90F 


Read/Write 






W 




W 


W 




W 






























0: PORT 
1: SCLK1 




0: PORT 
1: TxD1 


0: PORT 
1: SCLKO 




0: PORT 
1: TxDO 



Prohibit Read 
modify write 

Note : The TMP96CM40 and TMP96PM40 
have register P92F, The TMP96C141 
does not. (In other wordes, SCLK 
cannot be specified.) 



L*» Setting P90 as TxDO output 

Port output 

1 TxDO (channel 0) output 
Setting P93 as TxD1 output 

Port output 

1 TxD1 (channel 1) output 
— - Setting P95 as SCLK output 

Port output 

1 SCLK1 (channel 1) output 



Figure 3. 11 (10) Port 9 Function Register (P9FC) 



ODE 
(0058H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 














ODE1 


ODE0 


Read/Write 














RAW 




































P93 
0: CMOS 
1: OPEN 
Drain 


P90 
0:CMOS 
1: OPEN 

Drain 



Setting P90 as Open-drain output 



CMOS output 
Open-drain output 



Setting P93 as Open-drain 

CMOS output 

1 Open-drain output 



Figure 3.11(11) Port 9 Open Drain Enable Register (ODE) 
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3.11.2 Configuration 

Figure 3.11 (12) shows the block diagram of the serial channel 0. 



Serial clock generation circuit 



BR0CR<BR0CK1 , 0> TO0TRG (Timer comparator output) 

rit 1 



jlTO (fc/4) 
,112 (fc/16) 
^T8 (fc/64) 
,ST32 (fc/256) 



01 (fc/2)- 



Baud rate 
generator 



t t 

SC0MOD 
<SC1,0> 



Receive 
counter 
(-16) 



RXD CLK \ f 

SC0MOD 

<RXE>->- Receive 

control 



INTRXO INTTXO 
i t_ 



SC0MOD 
<WU> ■ 



Serial channel 

interrupt 

control 



RxDO D- 



(Shared byP91) 



SCOCR 
<PE> <EVEN> 

i i 



Receive buffer! (Shift register) 



RB8 



Parity control 



Receive buffer2 (SCOBUF) 



Error flag 



^ I T 
SCOCR 

<OERRXPERRXFERR> 



Internal bus 



SIOCLK 



Transmission 
counter 
(-16) 

TXDC LK \ f 



Transmission 
control 



I □ CTSO 

— h (Shared by P92) 

SC0MOD<CTSE> 

There isn't in 
channel 1 



Transmission buffer (SCOBUF) 



-*►□ TxDO 
(Shared by P90) 



Figure 3.1 1 (12) Block Diagram of the Serial Channel 
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Figure 3.11 (13) shows the block diagram of the serial channel 1. 



SCLK1 □- 
inpui 
(Shoioa 
by POS) 



Serial clock generation circuit 



BR1CR<BR1CK1,0> TOOTRG (Timer comparator output) 



jSTO (fc/4) 
jiT2(fc/16) - 
,ST8 (fc/64) - 
,ST32 (fc/256) - 



,1 (fc/2)- 



Baud rate 
generator 



~7T 

SC1MOD 
<SC1, 0> 



TT 



SC1 MOD 
<SM1,0> 



I/O interface mode 



SC1K1 D- 
Output 
(Shared 
by P95) 



SC1MOD 
<IOC> 



Receive 
counter 
(UARTonly 16) 

rxdcl k| f 



SC1MOD 

<rxe: 



Receive 
control 



RxDO □- 



(Shared by P94) 



INTRX1 INTTX1 

A t 



SC1 MOD 
|<WU> 



Serial channel 
interrupt 
control 



Transmission 
counter 
(UARTonly -f 16) 



TXDC LK { f 



SC1CR 
<PE> <EVEN> 

I L 



Receive bufferl (Shift register) 



Parity control 



Receive buffer2 (SC1BUF) 



Error flag 
~1 — I — T~ 
SC1CR 

<OERRXPERRXFERR> 



III 



Transmission 
control 



TB8 



Transmission buffer (SC1 BUF) | — >□ TxDO 

(Shared by P93) 



Internal bus 



Figure 3.1 1 (13) Block Diagram of the Serial Channel 1 
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® Baud Rate Generator 

Baud rate generator comprises a circuit that generates transmission and 
receiving clocks to determine the transfer rate of the serial channel. 

The input clock to the baud rate generator, y$T0 (fc/4), <j>T2 (fc/16), y$T8 (fc/64), 
or ^T32 (fc/256) is generated by the 9-bit prescaler which is shared by the timers. 
One of these input clocks is selected by the baud rate generator control register 
BR0CR/BR1CR<BR0CK1, 0/BR1CK1, 0>. 

The baud rate generator includes a 4-bit frequency divider, which divides 
frequency by 2 to 16 values to determine the transfer rate. 

How to calculate a transfer rate when the baud rate generator is used is 
explained below. 



• UARTmode 

Transfer rate — Input clock of baud rate generator _^ ^ 

Frequency divisor of baud rate generator 



• I/O interface mode 

Transfer rate — Input clock of baud rate generator ^ 

Frequency divisor of baud rate generator 



The relation between the input clock and the source clock (fc) is as follows. 
^T0 = fc/4 
?$T2 = fc/16 
?ST8 = fc/64 
y$T32 = fc/256 

Accordingly, when source clock fc is 12.288 MHz, input clock is ^T2 (fc/16), and 
frequency divisor is 5, the transfer rate in UART mode becomes as follows: 



Transfer rate = fc/16 

5 



= 12.288 X 10 6 /16/5/16 = 9600 (bps) 



Table 3.11 (1) shows an example of the transfer rate in UART mode. 

Also with 8-bit timer 0, the serial channel can get a transfer rate. Table 3.9 (2) 
shows an example of baud rate using timer 0. 
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Table 3.1 1 (1) Selection of Transfer Rate (1) (When Baud Rate Generator Is Used) 



Unit(kbps) 



fc [MHz] 


"""-^ — -^Input clock 

Frequency divisor^ 


?5T0 
(fc/4) 


f[2 
(fc/16) 


?ST8 
(fc/64) 


9ST32 
(fc/256) 


9.830400 


2 


76.800 


19.200 


4.800 


1.200 


T 


4 


38.400 


9.600 


2.400 


0.600 


T 


8 


19.200 


4.800 


1.200 


0.300 


T 





9.600 


2.400 


0.600 


0.150 


12.288000 


5 


38.400 


9.600 


2.400 


0.600 


T 


A 


19.200 


4.800 


1.200 


0.300 


14.745600 


3 


76.800 


19.200 


4.800 


1.200 


T 


6 


38.400 


9.600 


2.400 


0.600 


T 


C 


19.200 


4.800 


1.200 


0.300 



Note: Transfer rate in I/O interface mode is 8 times as fast as the values 
given in the above table. 



Table 3.11 (2)Selection of Transfer Rate (1) (When timer (input Clock 0T1) is used 

Unit (kbps) 



fc 

TREGO ^^^^ 


12.288 
MHz 


12 
MHz 


9.8304 
MHz 


8 
MHz 


6.144 
MHz 


1H 


96 




76.8 


62.5 


48 


2H 


48 




38.4 


31.25 


24 


3H 


32 


31.25 






16 


4H 


24 




19.2 




12 


5H 


19.2 








9.6 


8H 


12 




9.6 




6 


AH 


9.6 








4.8 


10H 


6 




4.8 




3 


14H 


4.8 








2.4 



Howto calculate the transfer rate (when timer is used): 

fc 



Transfer rate = 



TREG0x8x16 

■ (When Timer (input clock ^T1) is used) 



Input clock of timer 

?ST1 = fc/ 8 
9ST4 = fc/ 32 
0TI6 = f c/i28 

Note: Timer match detect signal cannot be used as the transfer clock in I/O 
interface mode. 



MCU900-137 



TOSHIBA 



TMP96C141 



(D Serial Clock Generation Circuit 

This circuit generates the basic clock for transmitting and receiving data. 

1) I/O interface mode (channel 1 only) 

When in SCLK output mode with the setting of SC1CR<I0C> ="0", the basic 
clock will be generated by dividing by 2 the output of the baud rate generator 
described before. When in SCLK input mode with the setting of SC1CR<I0C > = 
"1", the rising edge or falling edge will be detected according to the setting of 
SC1CR<SCLKC> register to generate the basic clock. 

2) Asynchronous Communication (UART) mode 

According to the setting of SCOCR and SC1CR <SC1, 0>, the above baud rate 
generator clock, internal clock <j> 1 (500kbps @ fc = 16MHz), or the match detect 
signal from timer will be selected to generate the basic clock SIOCLK. 

© Receiving Counter 

The receiving counter is a 4-bit binary counter used in asynchronous 
communication (UART) mode and counts up by SIOCLK clock. 16 pulses of 
SIOCLK are used for receiving 1 bit of data, and the data bit is sampled three 
times at 7th, 8th and 9th clock. 

With the three samples, the received data is evaluated by the rule of majority. 

For example, if the sampled data bit is "1", "0" and "1" at 7th, 8th and 9th clock 
respectively, the received data is evaluated as "1". The sampled data "0" , "0" and 
"1" is evaluated that the received data is "0". 

(D Receiving Control 

1) I/O interface mode (channel 1 only) 

When in SCLK1 output mode with the setting of SClCR<IOC> ="0", RxDl 
signal will be sampled at the rising edge of shift clock which is output to SCLK pin. 

When in SCLK input mode with the setting SClCR<IOC> ="1" RxDl signal 
will be sampled at the rising edge or falling edge of SCLK input according to the 
setting of SC1CR<SCLKS> register. 

2) Asynchronous communication (UART) mode 

The receiving control has a circuit for detecting the start bit by the rule of 
majority. When two or more "0" are detected during 3 samples, it is recognized as 
start bit and the receiving operation is started. 

Data being received are also evaluated by the rule of majority. 

(D Receiving Buffer 

To prevent overrun error, the receiving buffer has a double buffer structure. 
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Received data are stored one bit by one bit in the receiving buffer 1 (shift 
register type). When 7 bits or 8 bits of data is stored in the receiving buffer 1, the 
stored data are transferred to another receiving buffer 2 (SC0BUF/SC1BUF), 
generating an interrupt INTRX0/INTRX1. The CPU reads only receiving buffer 2 
(SC0BUF/SC1BUF). Even before the CPU reads the receiving buffer 2 
(SC0BUF/SC1BUF), the received data can be stored in the receiving buffer 1. 
However, unless the receiving buffer 2 (SC0BUF/SC1BUF) is read before all bits of 
the next data are received by the receiving buffer 1, an overrun error occurs. If an 
overrun error occurs, the contents of the receiving buffer 1 will be lost, although 
the contents of the receiving buffer 2 and SC0CR<RB8> SClCR<RB8>is still 
preserved. 

The parity bit added in 8-bit UART mode and the most significant bit (MSB) in 
9-bit UART mode are stored in SC0CR<RB8>/SC1CR<RB8>. 

When in 9-bit UART mode, the wake-up function of the slave controllers is 
enabled by setting SCOMOD<WU>/SC1MOD<WU> to "1", and interrupt 
INTRX0/INTRX1 occurs only when SC0CR<RB8> /SClCR<RB8>is set to "1". 

) Transmission Counter 

Transmission counter is a 4-bit binary counter which is used in asynchronous 
communication (UART) mode and, like a receiving counter, counts by SIOCLK 
clock, generating TxDCLK every 16 clock pulses. 

SIOCLK JLJLJ_JU1_JJ_J_J1_JL^^ 

15 16 j jl 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 |!j 2 
TXDCLK jp-j j^j 

Figure 3.11 (14) Generation of Transmission Clock 
) Transmission Controller 

1) I/O interface mode (TMP96C141 is only channel 1) 

In SCLK output mode with the setting of SC1CR<I0C> ="0", the data in the 
transmission buffer are output bit by bit to TxDl pin at the rising edge of shift 
clock which is output from SCLK1 pin. 

In SCLK input mode with the setting of SC1CR<I0C> ="1", the data in the 
transmission buffer are output bit by bit to TxDl pin at the rising edge or falling 
edge of SCLK input according to the setting of SC 1 CR < SCLKC > register. 

2) Asynchronous communication (UART) mode 

When transmission data are written in the transmission buffer sent from the 
CPU, transmission starts at the rising edge of the next TxDCLK, generating a 
transmission shift clock TxDSFT. 
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Handshake function 

Serial channel has a CTSO pin. Using this pin, data can be sent in units of 
one frame ; thus, overrun errors can be avoided. The handshake function is 
enabled/ disabled by SCOMOD < CTSE > . 

When the CTSO pin goes high, after completion of the current data send, data 
send is halted until the CTSO pin goes low again. The INTTXO Interrupts are 
generated, requests the next send data to the CPU. 

Though there is no RTS pin, a handshake function can be easily configured 
by setting any port assigned to the RTS function. The RTS should be output 
"High" to request data send halt after data receive is completed by a software in 
the RXD interrupt routine. 



TMP96C141 



TMP96C141 



TxD 




RxD 




CTS 




RTS (any port) 





Sender Receiver 
Figure 3.1 1 (15) Handshake Function 



Timing to write 



J~~L 



4V- 



4V- 



transmission buffer 



CTS 



SIOCLK 



JiSend is suspended 



from (1) to (2). 

(D 13 14 15 16 1 2 3 14 15 16 1 2 3 

^^JLJ_J_JLJLJ_JU 



TxDCLK Vr 



Jl 



Jl 



TxD 



" \ start bit 



X bit 



Note 1 : If the CTS signal falls during transmission, the next data is not sent after the 

completion of the current transmission. 
Note 2 : Transmission starts at the first TxDCLK clock fall after the CTS signal falls. 



Figure 3.11 (16) Timing of CTS (Clear to send) 



MCU900-140 



TOSHIBA 



TMP96C141 



® Transmission Buffer 

Transmission buffer (SC0BUF/SC1BUF) shifts out and sends the transmission 
data written from the CPU from the least significant bit (LSB) in order, using 
transmission shift clock TxDSFT which is generated by the transmission control. 
When all bits are shifted out, the transmission buffer becomes empty and 
generates INTTX0/INTTX1 interrupt. 

® Parity Control Circuit 

When serial channel control register SC0CR<PE>/SC1CR<PE >is set to "1", 
it is possible to transmit and receive data with parity. However, parity can be 
added only in 7-bit UART or 8-bit UART mode. With SCOCR <EVEN> / SC1CR 
<EVEN> register, even (odd) parity can be selected. 

For transmission, parity is automatically generated according to the data 
written in the transmission buffer SCBUF, and data are transmitted after being 
stored in SC0BUF<TB7>/SC1BUF<TB7> when in 7-bit UART mode while in 
SCMOD <TB8> / SCMOD <TB8> when in 8-bit UART mode. <PE> and 
<EVEN> must be set before transmission data are written in the transmission 
buffer. 

For receiving, data are shifted in the receiving buffer 1, and parity is added 
after the data are transferred in the receiving buffer 2 (SC0BUF/SC1BUF), and 
then compared with SC0BUF<RB7>/SC1BUF<RB7> when in 7-bit UART 
mode and with SCOMOD<RB8>/SC1MOD<RB8> when in 8-bit UART mode. If 
they are not equal, a parity error occurs, and SC0CR<PERR>/SC1CR<PERR> 
flag is set. 

® Error Flag 

Three error flags are provided to increase the reliability of receiving data. 

1. Overrun error <OERR> 

If all bits of the next data are received in receiving buffer 1 while valid data are 
stored in receiving buffer 2 (SCBUF), an overrun error will occur. 

2. Parity error <PERR> 

The parity generated for the data shifted in receiving buffer 2 (SCBUF) is 
compared with the parity bit received from RxD pin. If they are not equal, a parity 
error occurs. 

3. Framing error <FERR> 

The stop bit of received data is sampled three times around the center. If the 
majority is "0", a framing error occurs. 
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CD Generating Timing 
1) UART mode 
Receiving 





9 Bit 


8 Bit + parity 


8 Bit, 7 Bit + parity, 7 Bit 


Interrupt timing 


Center of last bit 
(Bit 8) 


Center of last bit 
(parity bit) 


Center of stop bit 


Framing error 
timing 


Center of stop bit 


Center of stop bit 


Center of stop bit 


Parity error timing 




Center of last bit 
(parity bit) 


Center of stop bit 


Overrun error 
timing 


Center of last bit 
(Bit 8) 


Center of last bit 
(parity bit) 


Center of stop bit 


Note: Framing error occurs after an interrupt has occurred. Therefore, to check for 

framing error during interrupt operation, it is necessary to wait for 1 bit period of 
transfer rate. 


Transmitting 










9 Bit 


8 Bit + parity 


8 Bit, 7 Bit + parity, 7 Bit 


Interrupt timing 


Just before last bit is 
transmitted. 


<- 


<— 



2) I/O interface mode 



Transmission 

Interrupt 

timing 


SCLK output mode 


Immediately after rise of last SCLK signal. 
(See figure 3.11 (19). ) 


SCLK input mode 


Immediately after rise of last SCLK signal (rising mode), or 
immediately after fall in falling mode. (See figure 3.1 1 (20).) 


Receiving 
Interrupt 
timing 


SCLK output mode 


Timing used to transfer received data to data receive buffer 2 
(SC1BUF) (that is, immediately after last SCLK). (See figure 3.11 (21).) 


SCLK input mode 


Timing used to transfer received data to data receive buffer 2 

(SC1 BUF) (that is, immediately after last SCLK). (See figure 3.1 1 (22).) 
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3.11.3 Operational Description 

(1) Mode (I/O interface mode) (TMP96C141 is only channel 1.) 

This mode is used to increase the number of I/O pins of for transmitting or receiving 
data to or from the external shifter register. 

This mode includes SCLK output mode to output synchronous clock SCLK and SCLK 
input mode to input external synchronous clock SCLK. 



Output 
extension 



Input 
extension 



TMP96C141 
TxD 
SCLK 
Port 



Shift register 


A 




B 


SI 


C 




D 


SCK 


E 




F 


RCK 


G 




H 


TC74HC595 


or 


the like 





TMP96C141 
RxD 
SCLK 
Port 



Shift register 


A 






B 




QH 


C 






D 




CLOCK 


E 






F 




S/L 


G 






H 




TC74HC165or 
the like 





Figure 3.11 (17) Example of SCLK Output Mode Connection 



Output port 
extension 




External clock- 



Shift register 


A 


SI 


B 
C 




D 


SCK 


E 




F 


RCK 


G 




H 


TC74HC595 


or 


the like 





Input port 
extension 



TMP96C141 
RxD 
SCLK 
Port 



Shift register 


A 


QH 


B 
C 




D 


CLOCK 


E 




F 


S/L 


G 




H 


TC74HC165 


or 


the like 





External clock _ 

Figure 3.1 1 (18) Example of SCLK Input Mode Connection 
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® Transmission 

In SCLK output mode, 8-bit data and synchronous clock are output from TxD 
pin and SCLK pin, respectively, each time the CPU writes data in the 
transmission buffer. When all data is output, INTES1<ITX1C> will be set to 
generate INTTX1 interrupt. 



Timing to write fl 

transmission 1 I— ^ 

data \ _~ '' _ 



SCLK output 



TxD 


X bitO X bit 1 




X bit 6 


X bit? 


X 


TYPKFT 


n 




n 


n 


n 



jTXK (INTTX1. 



interrupt request) 

Figure 3.1 1 (19) Transmitting Operation in I/O Interface Mode (SCLK Output Mode) 

In SCLK output mode, 8-bit data are output from TxDl pin when SCLK input 
becomes active while data are written in the transmission buffer by CPU. 

When all data are output, INTESKITXIO will be set to generate INTTX1 
interrupt. 



S (SCLKC= U 0: Rising edge mode) ' ^ ' ^ ' ^ I ^ 

r ~i m it m 



SCLK input 

(SCLKC= 1: Falling edge mode) 



TxD X bitO X bitTX^ bit5 % bit 6 X bit? X" 

txdsft n rv- n n 



jTXK (INTTX1 fr. 



interrupt request) 

Figure 3.11 (20) Transmitting Operation in I/O Interface Mode (SCLK Input Mode) 
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(D Receiving 

In SCLK output mode, synchronous clock is outputted from SCLK pin and the 
data are shifted in the receiving buffer 1 whenever the receive interrupt flag 
INTESKIRXIO is cleared by reading the received data. When 8-bit data are 
received, the data will be transferred in the receiving buffer 2 (SC1BUF) at the 
timing shown below, and INTES1 < IRX1C > will be set again to generate INTRX1 
interrupt. 



IRX1C ^ f 

SCLK N ^ -^t A I & £ I &< I 



RxD bit 



Generate 



Timing to shift data in imtdvi" 1 l~l 

the receiving buf fer 2 1 N 1 K * 1 | |_ 



Figure 3.11 (21) Receiving Operation in I/O Interface Mode (SCLK Output Mode) 



In SCLK input mode, the data is shifted in the receiving buffer 1 when SCLK 
input becomes active while the receive interrupt flag INTES1 <IRX1C> is 
cleared by reading the received data. When 8-bit data is received, the data will be 
shifted in the receiving buffer 2 (SC1BUF) at the timing shown below, and INTES1 
< IRX1C > will be set again to generate INTRX interrupt. 



SCLK input 

(5CLKC = 0: Rising edge mode) 



SCLK input 

(SCLKC= 1 : Falling edge mode) 



T_J~~L 



RxD 

Timing to shift data 
in the receiving 
buffer 2 



bTT5 k bit i XbiTTy—X bits x bit? f 



Generate 
INTRX1 



Jl 



Figure 3.11 (22) Receiving Operation in I/O Interface Mode (SCLK Input Mode) 

Note : For data receiving, the system must be placed in the receive enable state 
(SCM0D<RXE>="1") 
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(2) Mode 1 (7-bit U ART Mode) 

7-bit mode can be set by setting serial channel mode register SCOMOD <SM1,0> / 
SC1MOD<SM1,0> to "01". 

In this mode, a parity bit can be added, and the addition of a parity bit can be enabled 
or disabled by serial channel control register SC0CR<PE>/SC1CR<PE>, and even 
parity or odd parity is selected by SCOCR <EVEN>/SC1CR<EVEN> when <PE> is 
set to "1" (enable). 

Setting example : When transmitting data with the following format, the control 
registers should be set as described below. Channel is explained 
here. 




Direction of transmission (transmission rate: 2400 bps @fc = 12.288 MHz) 



76543210 

P9CR <- X X 1 

P9FC <-XX-X-XXl 
SCOMOD <-X0-X0101 
SCOCR <-XllXXX00 
BROCR HX100101 

TRUN MX--' 

INTESO M100 

SCOBUF <-******** 



} Select P90 as the TxD pin. 



Set 7-bit U ART mode. 

Add an even parity. 

Set transfer rate at 2400 bps. 

Start the prescalerforthe baud rate generator. 

Enable INTTXO interrupt and set interrupt level 4. 

Set data for transmission. 



Note : X ; don't care 



; no change 



(3) Mode 2 (8-bit UART Mode) 



8-bit UART mode can be specified by setting SCOMOD <SM1,0>/SC1MOD<SM1, 
> to "10". In this mode, parity bit can be added, the addition of a parity bit is enabled 
or disabled by SCOCR < PE >/SClCR< PE > , and even parity or odd parity is selected by 
SC0CR<EVEN>/SC1CR<EVEN> when <PE> is set to "1" (enable). 

Setting example: When receiving data with the following format, the control 
register should be set as described below. 




Direction of transmission (transmission rate: 9600 bps@fc= 12.288 MHz) 
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Main setting 



76543210 

P9CR <- X X - 

SC0MOD ♦•-01X1001 

scocr uonnoo 

BROCR <-0X010101 

TRUN MX 

INTESO *■ 1100 



Select P91 (RxD) as the input pin. 

Enable receiving in 8-bit UART mode. 

Add an odd parity. 

Set transfer rate at 9600 bps. 

Start the prescalerforthe baud rate generator. 

Enable INTTXO interrupt and set interrupt level 4. 



Interrupt processing 

Acc <- SCOCR AND 00011100 
if Acc * then ERROR 
Acc *- SCOBUF 

Note : X ; don't care 



y Check for error. 

Read the received data. 
; no change 



(4) Mode 3 (9-bit UART Mode) 

9-bit UART mode can be specified by setting SCOMOD<SM1,0>/SC1MOD<SM 1, 
0> to "11". In this mode, parity bit cannot be added. 

For transmission, the MSB (9th bit) is written in SCMOD < TB8 > , while in receiving 
it is stored in SCCR<RB8>. For writing and reading the buffer, the MSB is read or 
written first then SC0BUF/SC1BUF. 

Wake-up function 

In 9-bit UART mode, the wake-up function of slave controllers is enabled by setting 
SC0MOD<WU>/SClMOD<WU> to "1". The interrupt INTRX1/INTRX0 occurs only 
when<RB8> = 1. 




TxD 



Master 
TMP96C141 



RxD 



TxD 

Slave 1 
TMP96C141 



RxD 




Note : TxD pin of the slave controllers must be in open drain output mode. 

Figure 3.1 1 (23) Serial Link Using Wake-Up Function 
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Protocol 

(D Select the 9-bit UART mode for the master and slave controllers. 

(D Set SCOMOD<WU>/SC1MOD<WU> bit of each slave controller to "1" to 
enable data receiving. 

(D The master controller transmits one-frame data including the 8-bit select code 
for the slave controllers. The MSB (bit 8)<TB8> is set to "1". 




Select code of slave controller " 1 " 



® Each slave controller receives the above frame, and clears WU bit to "0" if the 
above select code matches its own select code. 

(5) The master controller transmits data to the specified slave controller whose 
SCOMOD<WU>/SC1MOD<WU> bit is cleared to "0". The MSB (bit 8)<TB8> 
is cleared to "0". 




Data "0" 



© The other slave controllers (with the <WU> bit remaining at "1" ) ignore the 
receiving data because their MSBs (bit 8 or < RB8 > ) are set to "0" to disable the 
interrupt INTRX0/INTRX1. 

The slave controllers (WU = 0) can transmit data to the master controller, and it 
is possible to indicate the end of data receiving to the master controller by this 
transmission. 
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Setting example : To link two slave controllers serially with the master controller, and 
use the internal clock ?sl (fc/2) as the transfer clock. 



TxD 



RxD 



Master 
TMP96C141 



TxD 



RxD 



Slave 1 
TMP96C141 



Select code 
00000001 




Since serial channels and 1 operate in exactly the same way, channel is used for 
the purposes of explanation. 

• Setting the master controller 



Main 

P9CR <- X X 01 

P9FC <-XX-X-XXl 
INTES0 M1001101 

SC0MOD M0101110 
SC0BUF M0000001 



Select P90 as TxD pin and P91 as RxD pin. 

Enable INTTXO and set the interrupt level 4. 

Enable INTTXO and set the interrupt level 5. 

Set <f> 1 (fc/2) as the transmission clock in 9-bit UART mode. 

Set the select code for slave controller 1 . 



INTTXO interrupt 

SCOMOD <- 

SCOBUF <-******** 



SetsTB8to"0". 

Set data for transmission. 



Setting the slave controller 2 
Main 

P9CR <- X X . 01 

P9FC *-XX-X-XXl 
ODE *-XXXXXX-l 
INTES0 M1011110 
SCOMOD M 1 11 1 1 

INTRXO interrupt 

Acc <- SCOBUF 
if Acc = Select code 
Then SC0M0D4 <- - 



Select P91 as RxD pin and P90 as TxD pin (open drain 
output). 

Enable INTRXO and INTTXO. 

Set <WU> to "1" in the 9-bit UART transmission mode 
with transfer clock ^1 (fc/2). 



Clear <WU>to "0". 
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3.12 Analog/Digital Converter 

TMP96C141 has a high-speed analog / digital converter (A/D converter) with 4- 
channel analog input that features 10-bit successive approximation. 

Figure 3.12 (1) shows the block diagram of the A/D converter. 4-channel analog input 
pins (AN3 to ANO) are shared by input-only port P5 and so can be used as input port. 



Internal bus 



A/D converter mode register (ADMOD) 



ADCH 



1-0 



EOCF ADBF REPET SCAN ADCS ADS 



Analog input 

AN3(P53) □— * 
AN2(P52) □— »► 
AN1 (P51) O—*- 
AN0(P50) Or-*- 



Decoder 



Multiplexer 



end 



busy 



repeat 



Channel select 



speed 



A/D converter 
control circuit 




JNTAD 
interrupt 



A/D conversion result register 
(ADREGO to ADREG3) 



Vref Q- 
Agnd O- 



D/A converter 



A 
V 



Figure 3.12 (1) Block Diagram of A/D Converter 

Note 1 : This A/D converter does not have a built-in sample and hold circuit. 

Therefore, when A/D converting high-frequency signals, connect a sample and hold 
circuit externally. 
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ADMOD 
(005EH) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


EOCF 


ADBF 


REPET 


SCAN 


ADCS 


ADS 


ADCH1 


ADCHO 


Read/Write 


R 


R/W 


After reset 


























Function 


A/D 

conversion 
End Flag 

1: END 


A/D 

conversion 
BUSY Flag 

1: BUSY 


Repeat 
mode 

0: Single 
mode 

1: Repeat 
mode 


Scan 
mode 

0: Fixed 
channel 
mode 

1: Channel 
Scan 
mode 


A/D 

conversion 
Speed 

0: High 
speed 
mode 

1 : Low 
speed 
mode 


A/D 

conversion 

Start 

1: 

conversion 
Start 

Always 
read as 
"0" 


Analog Input 
Channel Select 







J 



L> " Analog input channel select 





Normal 


Scan mode 


00 


AN0 


AN0 


01 


AN1 


AN0— »AN1 


10 


AN2 


AN0-»AN1->AN2 


11 


AN3 


AN0— »AN 1 — »AN2— »AN3 



A/D conversion start 



— 

1 Start A/D conversion. 



Note) Always "0" when data is read. 
A/D conversion speed selection 






A/D High speed conversion mode: 1 60 states 


= 20/iS(@16MHz) 


1 


A/D Low speed conversion mode : 320 states 


= 40/* (@16MHz) 


Specification of A/D scan mode 





Fixed A/D conversion channel mode 




1 


A/D conversion channel scan mode 




Selecting A/D repeat mode 





A/D conversion single mode 




1 


A/D conversion repeat mode 




A/D conversion busy flag 





A/D conversion not busy 




1 


A/D conversion busy 




A/D conversion end flag 





A/D conversion not ended nor started 




1 


A/D conversion ended 





Figure 3.12 (2) A/D Control Register 
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ADREGOL 
(0060H) 





7 


6 


5 


4 


3 2 


1 





bit Symbol 


ADR01 


ADROO 












Read/Write 


R 


After reset 


Undefined 


1 


1 


1 ! 1 


1 


1 


Function 


Lower 2 bits of A/D result for ANO are stored. 



ADREGOH 
(0061 H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


ADR09 


ADR08 


ADR07 


ADR06 


ADR05 


ADR04 


ADR03 


ADR02 


Read/Write 


R 


After reset 


Undefined 


Function 


Upper 8 bits of A/D result for ANO are stored. 



ADREG1L 
(0062H) 





7 6 


5 


4 


3 


2 


1 





bit Symbol 


ADR11 i ADR10 














ReadAVrite 


R 


After reset 


Undefined 


1 


1 


1 


1 


1 


1 


Function 


Lower 2 bits of A/D result for AN1 are stored. 



ADREG1H 
(0063H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


ADR19 


ADR18 


ADR17 


ADR16 


ADR15 


ADR14 


ADR13 


ADR12 


Read/Write 


R 


After reset 


Undefined 


Function 


Upper 8 bits of A/D result for AN1 are stored. 



Figure 3.12 (3-1) A/D Conversion Result Register (ADREGO, 1) 
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ADREG2L 
(0064H) 





7 6 5 


4 


3 


2 


1 





bit Symbol 


ADR21 j ADR20 P^~--^ 










Read/Write 


R 


After reset 


Undefined 1 


1 


1 


1 


1 


1 


Function 


Lower 2 bits of A/D result for AN2 are stored. 



ADREG2H 
(0065H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


ADR29 


ADR28 


ADR27 


ADR26 


ADR25 


ADR24 


ADR23 


ADR22 


Read/Write 


R 


After reset 


Undefined 


Function 


Upper 8 bits of A/D result for AN2 are stored. 



ADREG3L 
(0066H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


ADR31 


ADR30 














Read/Write 


R 


After reset 


Undefined 


1 


1 


1 


1 


1 


1 


Function 


Lower 2 bits of A/D result for AN3 are stored. 



ADREG3H 
(0067H) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


ADR39 


ADR38 


ADR37 


ADR36 


ADR35 


ADR34 


ADR33 


ADR32 


Read/Write 


R 


After reset 


Undefined 


Function 


Upper 8 bits of A/D result f or AN3 are stored. 



Figure 3.12 (3-2) A/D Conversion Result Register (ADREG2, 3) 
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3.12.1 Operation 

(1) Analog Reference Voltage 

High analog reference voltage is applied to the VREF pin, and the low analog 
reference voltage is applied to AGND pin. 

The reference voltage between VREF and AGND is divided by 1024 using ladder 
resistance, and compared with the analog input voltage for A/D conversion. 

(2) Analog Input Channels 

Analog input channel to select depends on the operation mode of the A/D converter. 

In fixed analog input mode, one channel is selected by ADMOD< ADCH1,0> among 
four pins: ANO to AN3. 

In analog input channel scan mode, the number of channels to be scanned from ANO 
is specified by ADMOD<ADCH1,0>, such as AN0-*AN1, AN0^AN1-*AN2, and 
AN0-»AN1-*AN2^AN3. 

When reset, A/D conversion channel register will be initialized to 
ADMOD < ADCH1,0 > = 00, so that ANO pin will be selected. 

The pins which are not used as analog input channel can be used as ordinary input 
portP5. 

(3) Starting A/D Conversion 

A/D conversion starts when A/D conversion register ADMOD < ADS > is written "1". 
When A/D conversion starts, A/D conversion busy flag ADMOD <ADBF> which 
indicates "A/D conversion is in progress" will be set to "1". 

(4) A/D Conversion Mode 

Both fixed A/D conversion channel mode and A/D conversion channel scan mode have 
two conversion modes, i.e., single and repeat conversion modes. 

In fixed channel repeat mode, conversion of specified one channel is executed 
repeatedly. 

In scan repeat mode, scanning from ANO, »AN3 is executed repeatedly. 

A/D conversion mode is selected by ADMOD < REPET, SCAN > . 

(5) A/D Conversion Speed Selection 

There are two A/D conversion speed modes: high speed mode and low speed mode. 
The selection is executed by ADMOD <ADCS> register. 

When reset, ADMOD <ADCS> will be initialized to "0", so that high speed 
conversion mode will be selected. 

(6) A/D Conversion End and Interrupt 
• A/D conversion single mode 
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ADMOD<EOCF> for A/D conversion end will be set to "1", ADMOD 
< ADBF > flag will be reset to "0", and INT AD interrupt will be enabled when A/D 
conversion of specified channel ends in fixed conversion channel mode or when A/D 
conversion of the last channel ends in channel scan mode. 

• A/D conversion repeat mode 

For both fixed conversion channel mode and conversion channel scan mode, 
INTAD should be disabled when in repeat mode. Always set the INTEOAD at 
"000", that disables the interrupt request. 

Write "0" to ADMOD <REPET> to end the repeat mode. Then, the repeat 
mode will be exited as soon as the conversion in progress is completed. 

(7) Storing the A/D Conversion Result 

The results of A/D conversion are stored in ADREG0 to ADREG3 registers for each 
channel. In repeat mode, the registers are updated whenever conversion ends. 
ADREG0 to ADREG3 are read-only registers. 

(8) Reading the A/D Conversion Result 

The results of A/D conversion are stored in ADREG0 to ADREG3 registers. When the 
contents of one of ADREG0 to ADREG3 registers are read, ADMOD <EOCF> will be 
cleared to "0". 

Setting example: When the analog input voltage of the AN3 pin is A/D converted 
and the result is stored in the memory address FF10H by A/D 
interrupt INTAD routine 

Main setting 

INTEOAD M 1 

ADMOD <-XX000111 

INTAD routine 

WA <- ADREG3 Read ADREG3L and ADREG3H valuesand write to 

WA(16bit) 

WA >> 6 Right-shifts WA six times and writes in upper 

bits. 

(00FF10H)*- WA Writes contents of WA in memory at FF1 OH 

When the analog input voltage of AN0—AN2 pins is A/D converted in high speed 
conversion channel scan repeat mode 

INTEOAD *■ 1 Disable INTAD. 

ADMOD <-XX110110 Start the A/D conversion of analog input channels 

AN0~AN2 in the high-speed scan repeat mode. 
Note : X ; don't care - ; no change 



Enable INTAD and set interrupt level 4. 
Specify AN3 pin asan analog input channel and 
starts A/D conversion in high speed mode. 
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3.13 Watchdog Timer (Runaway Detecting Timer) 

TMP96C141 is containing watchdog timer of Runaway detcting. 

The watchdog timer (WDT) is used to return the CPU to the normal state when it 
detects that the CPU has started to malfunction (runaway) due to causes such as noise. 
When the watchdog timer detects a malfunction, it generates a non-maskable interrupt 
to notify the CPU of the malfunction, and outputs externally from watchdog timer out 
pin WDTOUT to notify the peripheral devices of the malfunction. 

Connecting the watchdog timer output to the reset pin internally forces a reset. 

3.13.1 Configuration 

Figure 3.13 (1) shows the block diagram of the watchdog timer (WDT). 



RESET 
INTWD 



WDMOD" 
<WDTP1,0>- 



WDTOUT 



-[>° □ WDTOUT 



Selector 



fi (fc/2)- 



enable 



Watchdog timer 
22-stage binary counter 



Reset j 

HALT instruction — a 

(Stop or Idle mode) 



4EH 
Write 



WDMOD< RESET > 



B1H 
Write 



Watchdog timer 
control register 



Internal bus 



Watchdog timer 
out control 



.Reset 
-WDMOD 
<WDTE> 



fc/4 Reset 



3 



Figure 3.13 (1) Block Diagram of Watchdog Timer 
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The watchdog timer is a 22-stage binary counter which uses ^(fc/2) as the input clock. 
There are four outputs from the binary counter: 2 16 /fc, 2 18 fc, 2 20 /fc, and 2 22 /fc. Selecting 
one of the outputs with the WDMOD register generates a watchdog interrupt, and 
outputs watchdog timer out when an overflow occurs. 

Since the watchdog timer out pin (WDTOUT) outputs "0" due to a watchdog timer 
overflow, the peripheral devices can be reset. The watchdog timer out pin is set to 1 by 
clearing the watchdog timer (by writing a clear code 4EH in the WDCR register). In 
other words, the WDTOUT keeps outputting "0" until the clear code is written. 

The watchdog timer out pin can also be connected to the reset pin internally. In this 
case, the watchdog timer out pin (WDTOUT) outputs at 32states (3.2^s @ 20MHz) and 
resets itself. 

WDT Counter WMMmWMM \ X 

WDT Interrupt | | ^_ 

Clear code of write 

WDT Clear 

(Software) ft- 

WDTOUT | ^ Y 

Figure 3.13 (2) Normal Mode 
Over flow 

WDT Counter n Wfa 
WDT Interrupt I 



WDTOUT 
(Internal Reset) 

1 32states(3.2,«s@2uMHz) 




4V 



Figure 3.13 (3) Reset Mode 
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3.13.2 Control Registers 

Watchdog timer WDT is controlled by two control registers WDMOD and WDCR. 

(1 ) Watchdog Timer Mode Register (WDMOD) 

(D Setting the detecting time of watchdog timer < WDTP > 

This 2-bit register is used to set the watchdog timer interrupt time for detecting 
the runaway. This register is initialized to WDMOD<WDTPl, 0>=00 when 
reset, and therefore 2 16 /fc is set. (The number of states is approx. 32,768.) 

(D Watchdog timer enable/disable control register < WDTE > 

When reset, WDMOD < WDTE > is initialized to "1" enable the watchdog timer. 

To disable, it is necessary to clear this bit to "0" and write the disable code (B1H) 
in the watchdog timer control register WDCR. This makes it difficult for the 
watchdog timer to be disabled by runaway. 

However, it is possible to return from the disable state to enable state by merely 
setting <WDTE> to "1". 

® Watchdog timer out reset connection < RESCR > 

This register is used to connect the output of the watchdog timer with- RESET 
terminal, internally. Since WDMOD < RESCR > is initialized to at reset, a reset 
by the watchdog timer will not be performed. 

(2) Watchdog Timer Control Register (WDCR) 

This register is used to disable and clear of binary counter the watchdog timer 
function. 

• Disable control 



By writting the disable code (B1H) in this WDCR register after clearing 
WDMOD < WDTE > to "0", the watchdog timer can be disabled. 



• Enable control 

Set WDMOD < WDTE > to "1". 

• Watchdog timer clear control 

The binary counter can be cleared and resume counting by writing clear code 
(4EH) into the WDCR register. 

WDCR ♦■01001110 Write the clear code (4EH). 



WDMOD <- XX 

WDCR H 1 1 1 



Clear WDMOD<WDTE>to "0". 
Write the disable code (B1 H). 
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WDMOD 
(005CH) 





7 


6 


5 


4 


3 


2 


1 





bit Symbol 


WDTE 


WDTP1 


WDTPO 


WARM 


HALTM0 


HALTMO 


RESCR 


DRVE 


Read/Write 


R/W 


After reset 


1 

























WDT 


Select detecting time 


Warming 


Standby mode 


1: 


1: 




control 


00: 216/fc 




Uptime 


00: RUN mode 


Internally 


Drive the 


Function 




01: 218/fc 






01: STOP mode 


connects 


pin even in 


1: Enable 


10: 220/fc 
1 1 : 222/fc 




0: 214/fc 
1: 216/fc 


10: IDLE mode 
1 1 : Don't care 


WDT out to 
the reset pin 


STOP mode 




I II II 



DRVE (explanation by stop mode) 

Watchdog timer out control 

— 

1 Connects WDT out to a reset 



Select the standby mode HALT instruction 



00 


RUN mode (Only the CPU stops) 


01 


STOP mode (All circuits stop) 


10 


IDLE mode (Only the oscillator operates) 


11 


Don't care 


Select the detecting period of watchdog 


timer 





2i4/fc(approx. 1.0ms @16M Hz) 




1 


216/fc (approx. 4.1ms@16MHz) 




Select the detecting time of watchdog timer 


00 


2i6/f c (approx. 4.1ms @16MHz) 




01 


218/fc (approx. 16ms@16MHz) 




10 


220/f c (approx. 66ms @16MHz) 




11 


222/fc (approx. 262ms @16MHz) 




Watchdog timer Enable / Disable control 





Disable 




1 


Enable 





Figure 3.13 (4) Watchdog Timer Mode Register 
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WDCR 
(005DH) 





7:6;5;4:3;2;ijo 


bit Symbol 




Read/Write 


w 


After reset 




Function 


B1H : WDT disable code 
4EH : WDT clear code 



L 



Disable/clear WDT 



B1H 


Disable code 


4EH 


Clear code 


Others 





Figure 3.13 (5) Watchdog Timer Control Register 
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3.13.3 Operation 

The watchdog timer generates interrupt INTWD after the detecting time set in the 
WDMOD<WDTPl, 0>register and outputs a low level signal. The watchdog timer 
must be zero-cleared by software before an INTWD interrupt is generated. If the CPU 
malfunctions (runaway) due to causes such as noise, but does not execute the instruction 
used to clear the binary counter, the binary counter overflows and an INTWD interrupt 
is generated. The CPU detects malfunction (runaway) due to the INTWD Interrupt and 
it is possible to return to normal operation by an anti-mulfunction program. By 
connecting the watchdog timer out pin to peripheral devices' resets, a CPU malfunction 
can also be acknowledged to other devices. 

The watchdog timer restarts operation immediately after resetting is released. 

The watchdog timer stops its operation in the IDLE and STOP modes. In the bus 
releasing, the watchdog timer continues the countting. In the RUN mode, the watchdog 
timer is enabled. 

However, the function can be disabled when entering the RUN mode. 
Example : ® Clear the binary counter 



WDCR ♦■01001110 



Write clear code (4EH). 



(D Set the watchdog timer detecting time to 2 /fc 



WDMOD <- 1 1 XX 



® Disable the watchdog timer. 



WDMOD <- XX 

WDCR H0110001 



Clear WDTE to "0". 
Write disable code (B1H). 



© Set IDLE mode. 



WDMOD <- 10XX 

WDCR M0110001 
Executes HALT command 



Disables WDT and sets IDLE mode. 



Set the standby mode 



(D Set the STOP mode (warming up time: 2 16 /fc) 



WDMOD <- 101XX 

Executes HALT command. 



Set the STOP mode. 

Execute HALT instruction. Setthe standby 
mode. 
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4. ELECTRICAL CHARACTERISTICS 

4.1 Absolute Maximum (TMP96C141F) 



Symbol 


Parameter 


Rating 


unit 


Vcc 


Power Supply voltage 


-0.5-6.5 


V 


VIN 


Input voltage 


-0.5~Vcc + 0.5 


V 


2I0L 


Output Current (total) 


100 


mA 


2IOH 


Output Current (total) 


-100 


mA 


PD 


Power Dissipation (Ta = 70°C) 


600 


mW 


T SOLDER 


Soldering Temperature (10 s) 


260 


°C 


TSTG 


Storage temperature 


-65-150 


°C 


TOPR 


Operating temperature 


-20-70 


°C 



4.2 DC Characteristics (TMP96C141F) 

Vcc = 5V+ 10%,Ta= -20~70°C (Typical values are for Ta = 25°C and Vcc = 5V.) 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 


VIL 

VIL1 

VIL2 

VIL3 

VIL4 


Input Low Voltage (ADO - 1 5) 

P2, P3, P4, P5, P6, P7, P8, P9 

RESET,NMI,INT0(P87) 

EA 

X1 


-0.3 
-0.3 
-0.3 
-0.3 
-0.3 


0.8 

0.3Vcc 

0.25Vcc 

0.3 

0.2Vcc 


V 
V 
V 
V 
V 




VIH 

VIH1 

VIH2 

VIH3 

VIH4 


Input High Voltage (ADO - 15) 

P2, P3, P4. P5, P6, P7, P8, P9 

RESET, NMI, INTO (P87) 

EA 

X1 


2.2 

0.7 Vcc 
0.75Vcc 
Vcc -0.3 
0.8Vcc 


Vcc + 0.3 
Vcc + 0.3 
Vcc + 0.3 
Vcc + 0.3 
Vcc + 0.3 


V 
V 
V 
V 
V 




VOL 


Output Low Voltage 




0.45 


V 


IOL=1.6mA 


VOH 

VOH1 

VOH2 


Output High Voltage 


2.4 

0.75Vcc 
0.9Vcc 




V 
V 
V 


IOH= -400//A 
I OH = - 100M 
IOH= - 20juA 


i DAR 


Darlington Drive Current 
(8 Output Pins max.) 


-1.0 


-3.5 


mA 


V EXT = 1.5V 
REXT=1.1kfl 


I LI 
I LO 


Input Leakage Current 
Output Leakage Current 


0.02 (Typ) 
0.05 (Typ) 


±5 
±10 


juA 
juA 


0.0=S VinsSVcc 
0.2^Vin^Vcc-0.2 


I cc 


Operating Current (RUN) 
IDLE 

STOP(Ta= -20-70°C) 
STOP(Ta = 0~50°C) 


26 (Typ) 
1.7 (Typ) 
0.2 (Typ) 


50 
10 
50 
10 


mA 
mA 

juA 
M A 


fosc = 20MHz 

0.2=S VinS Vcc-0.2 
0.2^ Vin^ Vcc-0.2 


VSTOP 


Power Down Voltage 
(@STOP, RAM Backup) 


2.0 


6.0 


V 


VIL2 = 0.2Vcc, 
VIH2 = 0.8Vcc 


RRST 


RESET Pull Up Registor 


50 


150 


ka 




CIO 


Pin Capacitance 




10 


PF 


tosc = 1MHz 


VTH 


Schmitt Width 
RESET, NMI, INTO (P87) 


0.4 


1.0 (Typ) 


V 




R K 


Pull Down/Up Registor 


50 


150 


kn 





Note : I-DAR is guaranteed for a total of up to 8 ports. 
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4.3 AC Electrical Characteristics (TMP96C141 F) 



Vcc = 5V±10% , TA=-20~70°C 
(4MHz~20MHz) 



No. 


Symbol 


Paramerer 


Voriable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


1 


tosc 


Osc. Period ( = x) 


50 


250 


62.5 




50 




ns 


2 


tCLK 


CLK width 


2x-40 




85 




60 




ns 


3 


tAK 


AO-23 Valid-* CLK Hold 


0.5x-20 




11 




5 




ns 


4 


tKA 


CLK Valid—* A0-23 Hold 


1.5x-70 




24 




5 




ns 


5 


tAL 


AO-15 Valid-* ALE fall 


0.5x- 15 




16 




10 




ns 


6 


tLA 


ALE fall— > AO-15 Hold 


0.5x-15 




16 




10 




ns 


7 


tLL 


ALE High width 


x-40 




23 




10 




ns 


8 


tLC 


ALE fall-* RD/WR fall 


0.5x-30 




1 




-5 




ns 


9 


tCL 


RDAA/R rise-* ALE rise 


0.5x-20 




11 




5 




ns 


10 


tACL 


AO-15 Valid-* RD/WR fall 


x-25 




38 




25 




ns 


1 1 


tACH 


AO-23 Valid-* RDA/VR fall 


1.5x-50 




44 




25 




ns 


12 


tCA 


RD/WR rise-* AO-23 Hold 


0.5x-20 




11 




5 




ns 


13 


tADL 


AO-15 Valid-* D0-1 5 input 




3.0x-45 




143 




105 


ns 


14 


tADH 


AO-23 Valid-* D0-1 5 input 




3.5x-65 




154 




110 


ns 


15 


tRD 


RDfall -*D0-15 input 




2.0x-50 




75 




50 


ns 


16 


tRR 


RD Low width 


2.0x-40 




85 




60 




ns 


17 


tHR 


RDrise-* DO-15 Hold 

















ns 


18 


"tRAE 


RDrise-* A0-1 5output 


x-15 




48 




35 




ns 


19 


tww 


WR Low width 


2.0x-40 




85 




60 




ns 


20 


tDW 


DO-15 Valid-* WRrise 


2.0x-50 




75 




50 




ns 


21 


tWD 


WR rise — *D0-15 Hold 


0.5x- 10 




21 




15 




ns 


22 


tAEH 


AO-23 Valid-* W A IT input (^^hp ) 




3.5x-90 




129 




85 


ns 


23 


tAWL 


AO-15 Valid-* WAIT input ('^J 




3.0x-80 




108 




70 


ns 


24 


tew 


RDA/VR fall-*WAIT Hold CVJImlde) 


2.0x + 




125 




100 




ns 


25 


tAPH 


AO-23 Valid-* PORT input 




2.5x-120 




36 




5 


ns 


26 


tAPH2 


AO-23 Valid-* PORT Hold 


2.5x + 50 




206 




175 




ns 


27 


tCP 


WR rise-* PORT Valid 




200 




200 




200 


ns 


28 


USRH 


AO-23 Valid-* RAS fall 


1.0x-40 




23 




10 




ns 


29 


tASRL 


AO-15 Valid-^RAS fall 


0.5x- 15 




16 




10 




ns 


30 


tRAC 


RAS fall—* DO-15 input 




2.5x-70 




86 




55 


ns 


31 


tRAH 


RASfall^ AO-15 Hold 


0.5x- 15 




16 




10 




ns 


32 


tRAS 


RAS Low width 


2.0x-40 




85 




60 




ns 


33 


tRP 


RAS High width 


2.0x-40 




85 




60 




ns 


34 


tRSH 


CAS fall-* RAS rise 


1.0x-35 




28 




15 




ns 


35 


tRSC 


RAS rise-* CAS rise 


0.5x-25 




6 









ns 


36 


tRCD 


RASfall^ CAS fall 


1.0x-40 




23 




10 




ns 


37 


tCAC 


CASfall^ DO-15 input 




1.5x-65 




29 




10 


ns 


38 


tCAS 


CAS Low width 


1.5x-30 




64 




40 




ns 































































AC Measuring Conditions 

• Output Level : High 2.2V /Low 0.8V ,CL50pF 

(However CL = 1 0OpF for AD0-AD1 5, AD0-AD23, ALE, RD, WR, KWR, R/W, CLK, RAS, CAS0~CAS2) 

• Input Level High 2.4V /Low 0.45V (AD0-AD15) 

High0.8Vcc /Low0.2Vcc (Except for AD0-AD1 5) 
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(1) Read Cycle 



_t OSC" 



X1 



CLK 



AO-23 



CSO-2 



R/W 



WAIT 



Port Input 



RAS 



CASO-2 



RD 



ADO- 15 



ALE 



X 



*-tAK" 



i. 



-tASRH" 



-kLK- 



"tAWH" 
"^AWL" 



Si 



"^APH - 
-tAPH2- 



^ASRL! 



^RCD" 
— t A DH" 



"^ACH" 



tACL 

h-tt.c- 



x 



~tKA" 



■t C w 

Li 



< 



Ai0~15 



^AL" 



-t L L" 



^LA" 



"tRSH" 
"^RAS" 



-tRAC" 



tRSC 



CT^CAC" 



^CAS" 



"tRR" 



x 

ic 



-tRP" 



■tCA" 



rtRAE" 



"tRD - 
tADL" 



*HR 



-t 



DO-15 



1>-<Z 



*-t C L- 
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(2) Write Cycle 



X1 



CLK 



AO-23 



CSO-2 



RA/V 



WAIT 



Port Output 



RAS 



CASO-2 



WR, HWR 



ADO-15 



ALE 



V 



X 



X 



X 



3C 



-r— < 



J 



X 



AO- 15 



x: 



x 



-tew- 



V 



t C p 



-tww - 



"tDW" 



DO-15 



*WD 
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4.4 A/D Conversion Characteristics (TMP96C141F) 

Vcc = 5V ±10% TA = - 20-70 °C 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vref 


Analog reference voltage 


Vcc - 1.5 


Vcc 


Vcc 


V 


A GND 


Analog reference voltage 


Vss 


Vss 


Vss 


Vain 


Analog input voltage range 


Vss 




Vcc 


■ref 


Anlog current for analog reference voltage 




0.5 


1.5 


mA 


Error(Quantize 
error of ± 0.5 
LSB not 
included) 


4Sfc 

£ 16MHz 


Low speed conversion mode 




± 1.5 (TBD) 


±4.0 


LSB 


High speed conversion mode 




±3.0(TBD) 


±6.0 


165 fc 

S 20MHz 


Low speed conversion mode 




± 1.5 (TBD) 


±4.0 


High speed conversion mode 




+ 4.0 (TBD) 


±8.0 



4.5 Serial Channel Timing - I/O Interface Mode 
(1) SCLK Input Mode Vcc = 5V±10% TA=-20~70°C 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tscv 


SCLK cycle 


16X 




1 




0.8 




A* 


toss 


Output Data -* Rising edge of SCLK 


t SC Y/2-5X-50 




137 




100 




ns 


tOHS 


SCLK rising edge-* Output Data hold 


5X- 100 




212 




150 




ns 


*HSR 


SCLK rising edge-* Input Data hold 

















ns 


t$RD 


SCLK rising edge-* effective data input 




t SCY -5X- 100 




587 




450 


ns 


(2) SCLK Output Mode 


Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tscY 


SCLK cycle (programmable) 


16X 


8192X 


1 


512 


0.8 


409.6 


//S 


toss 


Output Data -» SCLK rising edge 


t SC Y - 2X - 1 50 




725 




550 




ns 


k)HS 


SCLK rising edge—* Output Data hold 


2X-80 




45 




20 




ns 


*HSR 


SCLK rising edge-* Input Data hold 

















ns 


tSRD 


SCLK rising edge-* effective data input 




t SCY -2X- 150 




725 




550 


ns 



4.6 Timer/Counter Input Clock (TI0, TI4, TI5, TI6, TI7) 

Vcc = 5V±10% TA= - 20-70 °C 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Wck 


Clock Cycle 


8X + 100 




600 




500 




ns 


tvcKL 


Low level clock Pulse width 


4X + 40 




290 




240 




ns 


tvCKH 


High level clock Pulse width 


4X + 40 




290 




240 




ns 



4.7 Interrupt Operation 

Vcc = 5V±10% TA= - 20-70 °C 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tlNTAL 


NMI, INTO Low level Pulse width 


4X 




250 




200 




ns 


tlNTAH 


NMI, INTO High level Pulse width 


4X 




250 




200 




ns 


tlNTBL 


INT4-INT7 Low level Pulse width 


8X+ 100 




600 




500 




ns 


tlNTBH 


INT4-INT7 High level Pulse width 


8X + 100 




600 




500 




ns 
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4.8 Timing Chart for I/O Interface Mode 



J 



r 



X 



X 



X 



< 

H 

o 



d 

< 
> 

X 



X 



X 
X 

q 

i 

< 
> 

x 

X 



x 



< 
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4.9 Timing Chart for Bus Request (BUSRQ) / BUS Acknowledge (BUSAK) 



CLK 



BUSRQ 



BUSAK 



(Notel) 



\ 



tBRC 



tCBAL 



AD0-AD1 5, A0-A23, 
CS0- CS2, R/W, RAS, 
CAS0-CAS2 



RD, WR, HWR 



ALE 



v v V~~ 

A /\ /v_ 



■tBRC 



"tcBAH 



>^_t A BA_ (Noxei) ^ 

V (Note2) 



tBAA 



n. 



Symbol 



*BRC 



tCBAL 



^CBAH 



Parameter 



BUSRQ set-up time for CLK 



CLK— » BUSAK falling edge 



CLK-> BUSAK rising edge 



Output Buffer is off to BUSAK 



BUSAK f to Output buffer is on. 



Variable 



Min 



120 



1.5x + 120 



0.5x + 40 



80 



80 



16MHz 



Min Max 



80 



20MHz 



Min Max 



120 



195 



65 



80 



80 



Unit 



Note 1: The Bus will be released after the WAIT request is inactive, when the BUSRQ 

is set to "0" during "Wait" cycle. 
Note 2: This line only shows the output buffer is off-states. 

They don't indicate the signal level is fixed. 

After the bus is released, the signal level is kept dynamically before the bus is 
released by the external capacitance. 

Therefore, to fix the signal level by an external resistance under the bus is 
releasing, the design must be carefully because of the level-fix will be delayed. 
The internal programmable pull-up/pull-down resistance is switched 
active/non-active by the internal signal. 
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4.10 Typical characteristics 

Vcc = 5 V, Ta = 25°C, unless otherwise noted. 




5 10 15 20 25 5 10 15 20 

fosc(MHz) 

Figure 5.1 V C c - fosc TYPICAL CURVE Figure 5.2 f sc - Ice TYPICAL CURVE 



25 

fosc (MHz) 




Figure 5.3 Ice - Vcc TYPICAL CURVE Vcc(V) 




Vqut(v) 




3 4 5 Vout(V) loH(mA) 

Figure 5.4 Vqut - IqlTYPICAL CURVE Figure 5.5 Vqut - Ioh TYPICAL CURVE 
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5. TABLE OF SPECIAL FUNCTION REGISTERS (SFRs) 

(SFR ; Special Function Register) 

The special function registers (SFRs) include the I/O ports and peripheral control 
registers allocated to the 128-byte addresses from 000000H to 00007FH. 

(1) I/O port 

(2) I/O port control 

(3) Timer control 

(4) Pattern Generator control 

(5) Watch Dog Timer control 

(6) Serial Channel control 

(7) A / D converter control 

(8) Interrupt control 

(9) Chip Select / Wait control 



Configuration of the table 



Symbol 


Name 


Address 


7 


6 




1 




















































-*-bit Symbol 
-*-Read / Write 
-Hnitial value afrer reset 
-♦-Remarks 



020289 
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Table5 I/O register address map 



ADDRESS 


NAME 


ADDRESS 


NAME 


ADDRESS 


NAME 


ADDRESS 


NAME 


000000H 


PO 


20H 


TRUN 


40 H 


TREG6L 


60H 


ADREGOL 


1H 


P1 


21H 




41 H 


TREG6H 


61H 


ADREGOH 


2H 


POCR 


22H 


TREGO 


42 H 


TREG7L 


62 H 


ADREG1 L 


3H 




23H 


TREG1 


43 H 


TREG7H 


63 H 


ADREG 1 H 


4H 


P1 CR 


24H 


TMOD 


44H 


CAP3L 


64 H 


MLT\EIVJZL 


5H 


P1 FC 


25H 


TFFCR 


45H 


CAP3H 


65H 


a rvppr;'>u 
/ALJKtVjzn 


GH 


P2 


26H 


TREG2 


46H 


CAP4L 


66H 




7H 


P3 


27H 


TREG3 


47 H 


CAP4H 


67H 




8H 


P2CR 


28H 


pni\/ion 


48 H 




68H 


BOCS 


9H 


P2FC 


29H 


d 1 i\/if~»n» 
r 1 1 VI UU 




T5FFCR 


69H 


B 1 CS 


AH 


P3CR 




PFFCR 


4 AH 




6AH 


B2CS 


BH 




2BH 




4BH 




6BH 




CH 


P4 


2CH 




4CH 


PGOREG 


6CH 




DH 


P5 


2DH 




4DH 


PG 1 REG 


6DH 




EH 


P4CR 


2EH 




4EH 


PGO 1 CR 


6EH 




•FH 




2FH 








6FH 




10H 


P4FC 


30H 


TREG4L 




50H 


SCOBUF 


70H 


INTEOAD 


1 1H 




31H 


TREG4H 


51H 


SCOCR 


71 H 


INTE45 


12H 


P6 


32H 


TREG5L 


52 H 


SCOMOD 


72H 


INTE67 


1 3H 


P7 


33H 


TREG5H 


53 H 


BROCR 


73 H 


1 MTPT1 Ci 


14H 


P6CR 


34H 


CAP1L 


54H 


SC1BUF 


74H 


INTEPW10 


15H 


P7CR 


35H 


CAP1H 


55H 


SC1CR 


75H 


INTET54 


16H 


P6FC 


36H 


CAP2L 


56H 


SC1MOD 


76H 


INTET76 


17H 


P7FC 


37H 


CAP2H 


57H 


BR1CR 


77H 


INTESO 


18H 


P8 


38H 


T4MOD 


58H 


ODE 


78H 


INTES1 


19H 


P9 


39H 


TFF4CR 


59H 




79H 




1AH 


P8CR 


3AH 


T45CR 


5AH 




7AH 




1BH 


P9CR 


3BH 




5BH 




7BH 


I IMC 


1CH 


P8FC 


3CH 




5CH 


WDMOD 


7CH 


DMAOV 


1 DH 


P9FC 


3DH 




5DH 


WDCR 


7DH 


DMA1V 


1 EH 




3EH 




5EH 


ADMOD 


7EH 


DMA2V 


1 FH 




3FH 




5FH 




7FH 


DMA3V 
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(1) I/O Port 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


i 1 : 











P07 


P06 


P05 


P04 


P03 


P02 


P01 


POO 


PO 


PORTO 


00H 


R/W 








Input mode 








Undefined 








P17 


P16 


P15 


P14 


P13 


P12 


P11 : 


P10 


P1 


PORT1 


01 H 


R/W 








Input mode 






































P27 


P26 


P25 


P24 


P23 


P22 


P21 


P20 


P2 


PORT2 


06H 


R/W 








Input mode 


























i o ; 











P37 


P36 


P35 


P34 


P33 


P32 


P31 


P30 


P3 


PORT3 


07H 


R/W 












Input mode 






Output mode 








1 


1 


1 1 


1 1 1 1 
















P42 


P41 


P40 


P4 


PORT4 


OCH 








R/W 














Input mode 














1 1 














P53 


P52 


P51 


P50 


P5 


PORT5 


ODH 








R 














Input mode 








P67 


P66 


P65 


P64 


P63 


P62 


P61 


P60 


P6 


PORT6 


12H 


R/W 








Input mode 








1 


1 


1 1 


1 1 1 1 














P73 


P72 


P71 


P70 


P7 


PORT7 


13H 








R/W 














Input mode 














1 1 ; 1 ! 1 








P87 


P86 


P85 


P84 


P83 


P82 


P81 


P80 


P8 


PORT8 


18H 


R/W 








Input mode 








1 


1 


1 1 


1 1 1 1 












P95 


P94 


P93 


P92 


P91 


P90 


P9 


PORT9 


19H 






R/W 












Input mode 












1 1 1 1 1 1 



Note : When P30 pin is defined as RD signal output mode (P30F = 1), clearing the output latch register 
P30 to "0" outputs the RD strobe from P30 pin for PSRAM, even when the internal address is 
accessed. If the output latch register P30 remains "1", the RD strobe is output only when the 
external address is accessed. 



Read/Write 

R/W ; Either read or write is possible 
R ; Only read is possible 

W ; Only write is possible 

Prohibit RMW ; Prohibit Read Modify Write. (Prohibit RES/SET/TSET/CHG/STCF/ 
ANDCF/ORCF/XORCF Instruction) 



MCU900-172 



TOSHIBA 
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(2) I/O Port Control (1/2) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 











P07C 


P06C 


P05C 


P04C 


P03C 


P02C 


P01C 


P00C 


POCR 


PORTO 


02H 


W 




Control 


(Prohibit 




































RMW) 




: IN 1 : OUT (When external access. 


setasAD7-0and cleared to "0".) 












P17C 


P16C 


P15C 




P14C 




P13C 


P12C 


P1 1C 




P10C 


P1CR 


PORT1 


04H 


W 




Control 


(Prohibit 




































RMW) 






<< Refer to the 


"P1FC">> 














P17F 


P16F 


P15F 




P14F 




P13F 


P12F 


P11F 




P10F 


P1FC 


PORT1 


05H 


W 




Function 


(Prohibit 




































RMW) 




P1FC/P1CR = 00 




IN, 01 : OUT, 


10: AD15-8, 11 :A15 


-8 












P27C 


P26C 


P25C 




P24C 




P23C 


P22C 


P21C 




P20C 


P2CR 


PORT2 


08H 


W 




Control 


(Prohibit 




































RMW) 


<< Refer to the "P2FC">> 








P27F 


P26F 


P25F 




P24F 




P23F 


P22F 


P21F 




P20F 


P2FC 


PORT2 


09 H 


W 




Function 


(Prohibit 




































RMW) 




P2FC/P2CR = 00 


: IN, 01 : OUT 


, 10:A7-0, 11 :A23-16 












P37C 


P36C 


P35C 




P34C 




P33C 


P32C 






P3CR 


PORT3 


OAH 


W 








Control 


(Prohibit 
































RMW) 






: IN 




1 : OUT 


















P37F 


P36F 


P35F 




P34F 






P32F 


P31F 


P30F 








W 


P3FC 


PORT3 


OBH 



























Function 


(Prohibit 


: PORT 


: PORT 


: PORT 




: PORT 






: PORT 


: PORT 




: PORT 






RMW) 


1 : RAS 


1 : R/W 


1 : BUSAK 




1 : BUSRQ 






1 : KWR 


1 : WR 




1 : RD 


















P42C 


P41C 


P40C 


P4CR 


PORT4 


OEH 












W 




Control 


(Prohibit 



























RMW) 












: I 


N 1 : 


OUT 


















P42F 


P41F 




P40F 


P4FC 


PORT4 


10H 












W 




Function 


(Prohibit 



























RMW) 












: PORT 1 


CS/CAS 



Note : With the TMP96C141/TMP96C141A/TMP96C041A, which requires an external ROM, PORTO 
functions as ADO to AD 7; PORT1, AD 8 to AD15; P30, the RD signal; P31, the WR signal, 
regardless of the values set in POCR, P1CR, P1FC, P30F and P31F. 



MCU900-173 



TOSHIBA 



TMP96C141 



I/O Port Control (2/2) 



Svmbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





P6CR 


PORT6 
Control 


14H 
(Prohibit 
RMW) 


P67C 


P66C 


P65C 


P64C 


P63C 


P62C 


P61C 


P60C 


W 


oiojoioioioioio 


: IN 1:OUT 


P7CR 


PORT7 
Control 


15H 
(Prohibit 
RMW) 










P73C P72C P71C P70C 










W 





















: IN 1:OUT 


P6FC 


PORT6 
Function 


16H 
(Prohibit 
RMW) 


P67F 


P66F 


P65F 


P64F 


P63F P62F P61F P60F 


W 





0:0:0:0 


0:PORT 1:PG1-OUT 


: PORT 1 : PG0-OUT 


P7FC 


PORT7 
Function 


17H 
(Prohibit 
RMW) 










P73F P72F P71F 












W 































: PORT 

1 :T03 


: PORT 

1 :T02 


: PORT 

1 : T01 




P8CR 


PORT8 
Control 


1AH 
(Prohibit 
RMW) 


P87C 


P86C 


P85C 


P84C 


P83C 


P82C 


P81C 


P80C 


W 


0j0;0;0:0:0;0;0 


: IN 1:OUT 


P9CR 


PORT9 
Control 


1BH 
(Prohibit 
RMW) 






P95C P94C P93C P92C P91C P90C 






W 






; ; ; ; 






: IN 1:0UT 


P8FC 


PORT8 
Function 


1CH 
(Prohibit 
RMW) 




P86F 






P83F 


P82F 








W 






W 


W 



























: PORT 

1 :T06 






: PORT 

1 : T05 


: PORT 

1 : T04 






P9FC 


PORT9 
Function 


1DH 
(Prohibit 
RMW) 






P95F 




P93F 


P92F 




P90F 






W 




W 


W 




W 


























: PORT 

1 : SCLK1 




: PORT 

1 : TxD1 


: PORT 

1 : SCLKO 




: PORT 
1 : TxDO 



Note : The register P92F is used only in the TMP96CM40/TMP96PM40/TMP96C141A/TMP96C041A, 
and not available in the TMP96C141. (It cannot be defined as SCLKO). 
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TOSHIBA 
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(3) Timer Control (1/3) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 2 


1 











PRRUN 




T5RUN 


T4RUN 


P1RUN j P0RUN 


T1 RUN 


T0RUN 








R/W 




R/W 


TRUN 


Timer 


20H 






















Control 








Prescaler & Timer Run/Stop CONTROL 




















: Stop & Clear 




















1 : Run (Count up) 








8bit Timer 
Register 


22H 


















TREGO 


(Prohibit 


W 




RMW) 


Undefined 




8bit Timer 
Register 1 


23H 




TREG1 


(Prohibit 


W 




RMW) 


Undefined 








T10M1 




T10M0 


PWMM1 


PWM M0 


T1CLK1 ! T1CLK0 


T0CLK1 


T0CLK0 




8bit Timer 
Source 
CLK& 
MODE 




W 





























TMOD 


24H 


00 : 


8bit Timer 


00: - 




00 : TO0TRG 


00 : TI0 Input 




(Prohibit 
RMW) 


01 : 
10: 
11 : 


16bit Timer 
8bitPPG 
8bit PWM 


01 : 26 

10 : 27 

11 : 28 


" 1 PWM 

- 1 

- 1 


01 : fn 

10 : jlT16 

11 : jST256 


01 : ,sT1 

10 : ,sT4 

11 : ,sT16 














DBEN 


TFF1C1 ! TFF1C0 


TFF1IE 


TFF1IS 














R/W 


W 


R/W 




8bit Timer 






















TFFCR 


Flip-Flop 
Control 


25H 










1 : Double 
Buffer 
Enable 


00 : Invert TFF1 

01 : SetTFFI 

10 : Clear TFF1 

1 1 : Don't care 


1 : TFF1 
Invert 
Enable 


: Inverted 
by 

Timer 




PWM 






TREG2 


Timer 


26H 


(R)/W (Can read register buffer values.) 




Register 2 




Undefined 




PWM 






TREG3 


Timer 


27H 


(R)/W (Can read register buffer values.) 




Register 3 




Undefined 








FF2RD 


DB2EN 


PWM0INT 


PWM0M 


T2CLK1 ; T2CLK0 


PWM0S1 


PWM0S0 








R 


W 






























PWMO 
Mode 




TFF2 




1 : Double 


: Overflow 


: PWM 


00 : yiP1 (fc/4) 


00:26 


- 1 


POMOD 


28H 


output 
value 




Buffer 
Enable 


interrupt 
1 : Compare / 
match 


Mode 
1 : Timer 
Mode 


01 : v4P4 (fc/16) 
10: ¥ sP16(fc/64) 
1 1 : Don't care 


01:27-1 

10 : 28- 1 

1 1 : Don't care 






(Prohibit 








interrupt 














RMW) 
























FF3RD 


DB3EN 


PWM 11 NT 


PWM1M 


T3CLK1 ; T3CLK0 


PWM1S1 


PWM 1 SO 








R 


W 






























PWM1 




TFF3 




1 : Double 


: Overflow 


0: PWM 


00 : ?SP1 (fc/4) 


00 : 26 


- 1 


P1MOD 


Mode 


29H 


output 




Buffer 


interrupt 


Mode 


01 : ?SP4 (fc/16) 


01 : 27 


- 1 






value 




Enable 


1 : Compare/ 


1 : Timer 


10: y5P16 (fc/64) 


10: 28 


- 1 














match 


Mode 


11 : Don't care 


1 1 : Don't care 






(Prohibit 








interrupt 














RMW) 
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Timer Control (2/3) 



Svmbol 


Name 


Address 


7 ! 6 


5 


4 


3 


2 


1 








FF3C1 FF3C0 


FF3TRG1 


FF3TRG0 


FF2C1 


FF2C0 


FF2TRG1 i FF2TRG0 








W 


R/W 


W 


R/W 








; 














j 


PFFCR 


PWM 
Flip-Flop 
Control 


2AH 


00 : Don't care 

01 : Set TFF3 

10 : ClearTFF3 

1 1 : Don't care 


00 : Prohibit TFF3 

inverted 

01 : Invert if matched 

10 : Set if matched; 

clear if 
overflowed 

1 1 : Clear if matched; 

set if overflowed 


00 : Don't care 

01 : SetTFF2 

10 : Clear TFF2 

1 1 : Don't care 


00: Prohibit TFF2 

inverted 
01 : Invert if matched 
10: Set if matched; 

clear if 

overflowed 
1 1 : Clear if matched; 

set if overflowed 




1 6bit 


30H 




TREG4L 


Timer 


(Prohibit 


W 




Register4L 


DJ\/I\AM 


Undefined 




16bit 


31 H 




TREG4H 


Timer 


(Prohibit 


W 




Register4H 




Undefined 




16bit 


32H 




TREG5L 


Timer 


(Prohibit 


W 




Register5L 


DIV/1\A/\ 


Undefined 




1 6bit 


33H 




TREG5H 


Timer 


(Prohibit 


W 




Register5H 


RMW) 


Undefined 




Capture 
RegisterIL 






CAP1 L 


34H 


R 






Undefined 




Capture 
RegisterlH 






CAP1H 


35H 


R 






Undefined 




Capture 
Register2L 






CAP2L 


36H 


R 






Undefined 




Capture 
Register2H 






CAP2H 


37H 


R 






Undefined 








CAP2T5 ; EQ5T5 


CAP1IN 


CAP12M1 


CAP12M0 


CLE 


T4CLK1 I T4CLK0 




16bit 




R/W 


W 


R/W 




Timer 4 






















T4MOD 


Source 
CLK & 
MODE 


38H 


TFF5INVTRG 

: TRG Disable 

1 : TRG Enable 


: Soft- 
Capture 

1 : Don't 

care 


Capture Timming 

00 : Disable 

01 ; TI4 T TI5 f 

10 : TI4 f TI4 j, 

11 : TFF1 f TFF1 J, 


1 :UC4 
Clear 
Enable 


Source Clock 

00 : TI4 

01 : 

10 : 9 (T4 

11 : ,ST16 








TFF5C1 '■ TFF5C0 


CAP2T4 


CAP1T4 


EQ5T4 


EQ4T4 


TFF4C1 '■ TFF4C0 








W 


R/W 


W 




16bit 




o ; 














o ; 


T4FFCR 


Timer 4 
Flip-Flop 
Control 


39H 


00 : Invert TFF5 

01 : SetTFF5 
10 : Clear TFF5 
11: Don't care 


TFF4 Invert Trigger 

: Trigger Disable 

1 : Trigger Enable 


00 : Invert TFF4 

01 : SetTFF4 

10 : Clear TFF4 

1 1 : Don't care 
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Timer Control (3/3) 



Symbol 


Name 


Address 


7 


6 


5 


4 I 3 


2 


1 














PG1T 


PG0T 


DB6EN ! DB4EN 








R/W 






R/W 




T4, T5 
Control 











I 








T45CR 


3AH 


Fix at "0" 






; PG1 shift 
trigger 
!0 : Timer 0, 1 
;1 : Timer 5 


PGO shift 
trigger 

: TimerO, 1 

1 : Timer4 


1 : Double 
Buffer 
Enable 




16bit 


40H 


- 


TREG6L 


Timer 


(Prohibit 


W 




Register6L 


RMW) 


Undefined 




16bit 


41H 


- 


TREG6H 


Timer 


(Prohibit 


W 




Register6H 


RMW) 


Undefined 




16bit 


42 H 




TREG7L 


Timer 


(Prohibit 


W 




Register7L 


RMW) 


Undefined 




16bit 


43 H 




TREG7H 


Timer 


(Prohibit 


W 




Register7H 


RMW) 


Undefined 




Capture 
Register3L 






CAP3L 


44 H 


R 






Undefined 




Capture 
Register3H 






CAP3H 


45H 


R 






Undefined 




Capture 
Register4L 






CAP4L 


46H 


R 






Undefined 




Capture 
Register4H 






CAP4H 


47 H 


R 






Undefined 












CAP3IN 


CAP34M1 I CAP34M0 


CLE 


T5CLK1 i T5CLK0 




16bit 








W 


R/W 




Timer 5 











o ; o 








T5M0D 


Source 
CLK& 
MODE 


48H 






: Soft- 
Capture 

1 : Don't 

care 


Capture Timming 

00 : Disable 

01 : TI6 T TI7 f 

10 : TI6 t TI6 J, 

11 : TFF1 1 TFF1 J, 


1 :UC5 
Clear 
Enable 


Source Clock 

00 : TI6 

01 : ?ST1 

10 : ,ST4 

11 : ^Tl 6 












CAP4T6 


CAP3T6 j EQ7T6 


EQ6T6 


TFF6C1 ; TFF6C0 




16bit 
Timer 5 
Flip-Flop 
Control 








R/W 


W 













o : o 





i 


T5FFCR 


49H 






TFF6 Invert Trigger 

: Trigger Disable 

1 : Trigger Enable 


00 : Invert TFF6 

01 : Set TFF6 

10 : Clear TFF6 

1 1 : Don't care 



MCU900-177 
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(4) Pattern Generator 



Symbol 


Name 


Address 


7 


6 




5 


4 


3 


2 


1 







PGO 
Register 


4CH 


PG03 


PG02 




PG01 


PG00 


SA03 


SA02 


SA01 


SA00 


PGOREG 


(Prohibit 


W 


R/W 




RMW) 














Undefined 




PG1 
Register 


4DH 


PG13 


PG12 


PG11 


PG10 


SA13 


SA12 


SA11 


SA10 


PG1REG 


(Prohibit 


W 


R/W 




RMW> 














Undefined 








PAT1 


CCW1 


PG1M 


PG1TE 


PATO 


CCWO 


PGOM 


PG0TE 








R/W 




PGO, 1 
Contorol 




























PG01CR 


4EH 


0: 8bit 


0: Normal 





4bit 


PG1 trigger 


0: 8bit 


0: Normal 


0: 4bit 


PGO 






write 


Rotation 




Step 


input 


write 


Rotation 


Step 


trigger 








1: 4bit 


1 : Reverse 


1 


8bit 


enable 


1 : 4bit 


1 : Reverse 


1: 8bit 


input 








write 


Rotation 




Step 


1: Enable 


write 


Rotation 


Step 


enable 
1: Enable 



(5) Watch Dog Timer 



Symbol 


Name 


Address 


7 6 ! 5 


4 : 3 2 1 





WD- 
MOD 


Watch 
Dog 
Timer 
Mode 


5CH 


WDTE i WDTP1 i WDTP0 


WARM i HALTM1 ! HALTM0 ! RESCR 


DRVE 


R/W 


1 

















1 : WDT 
Enable 


00: 216/fc 
01: 218/fc 
10: 220/fc 
1 1 : 222/fc 


Warming 
up Time 
0: 214/fc 
1: 216/fc 


Standby Mode 
00: RUN Mode 
01: STOP Mode 
10: IDLE Mode 
1 1 : Don't care 


1 : Connect 
internally 
WDT out 
pinto 
Reset Pin 


1 : Drive 
the pin 
in STOP 
mode 


WDCR 


Watch 

Dog 

Timer 

Control 

Register 


5DH 




W 




B1 H: WDT Disable Code 4EH: WDT Clear Code 



MCU900-178 



TOSHIBA 
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(6) Serial Channel (1/2) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 







Serial 

Buffer 




RB7 


RB6 


RB5 


RB4 


RB3 


RB2 


RB1 


RB0 


SCOBUF 


50H 


TB7 


TB6 


TB5 


TB4 


TB3 


TB2 


RB1 


TB0 


R (Receivinq)/W (Transmission) 






Undefined 








RB8 


EVEN 


PE 


OERR 


PERR 


FERR 










R 


R/W 


R (Cleared to by reading) 


R/W 




Serial 



























SCOCR 


Channel 


51H 


Receiving 


Parity 


1: 


1 : Error 


0: SCLK0 


1: Input 




Control 




data bit 8 


0: Odd 
1 : Even 


Parity 

Enable 


Overrun 


Parity 


Framing 




SCLK0 pin 
(Note) 








TB8 


CTSE 


RXE 


WU 


SM1 


SM0 


SC1 


SCO 








R/W 




Serial 
Channel 
Mode 




























SCO- 
MOD 


52H 


Trans- 
mission 


1: 

CTS 


1: 

Receive 


1: 

Wake up 


00: Unused 
01: UART7bit 


00: TOO Trigger 
01 : Baud rate 






data bit 8 


Enable 


Enable 


Enable 


10: UART8bit 
11: UART9bit 


generator 
10: Internal clock ys 1 




















11: Don't care 












BR0CK1 


BR0CK0 


BR0S3 


BR0S2 


BR0S1 


BR0S0 








R/W 




R/W 




Baud Rate 
Control 



























BROCR 


53H 


Fix at 
"0" 




00: ,ST0 
01: i>J2 
10: ,ST8 


(fc/4) 

(fc/16) 

(fc/64) 




Set frequency divisor 
0~F 














1 1 : «(T32 (fc/256) 




(" 1 " prohibited) 






Serial 
Channel 1 
Buffen 




RB7 


RB6 


RB5 


RB4 


RB3 


RB2 


RB1 


RB0 


SC1BUF 


54H 


TB7 


TB6 


TB5 


TB4 


TB3 


TB2 


RB1 


TB0 


R (Receiving) /W (Transmission) 






1 InHpfineH 








RB8 


EVEN 


PE 


OERR 


PERR 


FERR 


SCLKS 


IOC 








R 


R/W 


R (Cleared to by readinq) 


R/W 




Serial 



























SC1CR 


Channel 1 


55H 


Receiving 


Parity 


1: 


1 : Error 


0: SCLK1 


1 : Input 




Control 




data bit 8 


0: Odd 


Parity 


Overrun 


Parity 


Framing 


U~) 

1: SCLK1 

to 


SCLK1 pin 










1 : Even 


Enable 
















TB8 




RXE 


WU 


SM1 


SM0 


SC1 


SCO 








R/W 




Serial 
Channel 1 
Mode 




























SC1- 
MOD 


56H 


Trans- 
mission 


Fix at 
"0" 


1: 

Receive 


1: 

Wake up 


00: I/O Interface 
01:UART7bit 


00: TOO Trigger 
01: Baud rate 






data bit 8 




Enable 


Enable 


10: UART8bit 
11: UART9bit 


generator 
10: Internal clock ?s1 




















11: Don't care 



Note : ForTMP96C141,fixthis bitto "0". 
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(6) Serial Channel (2/2) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





BR1CR 


Baud Rate 
Control 


57H 






BR1CK1 


BR1CK0 


BR1S3 


BR1S2 


BR1S1 


BR1S0 


R/W 




R/W 










; ; ; 


Fix at 
"0" 




00: ,ST0 (fc/4) 
01: ^T2 (fc/16) 
10: 0T8 (fc/64) 
1 1 : 0T32 (fc/256) 


Set frequency divisor 
0~F 

(" 1 " prohibited) 


ODE 


Serial 
Open 
Drain 
Enable 


58H 














ODE1 ODE0 














R/W 
































1:P93 
Open- 
drain 


1:P90 
Open- 
drain 



(7) A/D Converter Control 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 





ADMOD 


A/D 

Converter 
Mode reg 


5EH 


EOCF 


ADBF 


REPET 


SCAN 


ADCS 


ADS 


ADCH1 


ADCH0 


R 


R/W 




















1: End 


1: Busy 


1: Repeat 
mode 


1 : Scan 

mode 


1 : Slow 
mode 


1 : START Analog Input 
I Channel Select 


*1) 

AD 
REG0L 


AD Result 
Reg low 


60H 


ADR01 


ADR00 










R 


Undefined 1 1 1 1 1 j 1 


AD 

REG0H 


AD Result 
Reg high 


61H 


ADR09 i ADR08 i ADR07 : ADR06 I ADR05 i ADR04 : ADR03 i ADR02 


R 


Undefined 


*1) 

AD 
REG1L 


AD Result 
Reg 1 low 


62H 


adrii ; adrio 


R 


Undefined 1 1 1 I 1 1 ■ 1 


AD 

REG1H 


AD Result 
Reg 1 high 


63 H 


ADR19 ! ADR18 ! ADR17 i ADR16 i ADR15 ! ADR14 i ADR13 ': ADR12 


R 


Undefined 


*i> 

AD 
REG2L 


AD Result 
Reg 2 low 


64H 


ADR21 I ADR20 


R 


Undefined 


1 


1 


1 


1 1 


1 


AD 

REG2H 


AD Result 
Reg 2 high 


65H 


ADR29 i ADR28 


ADR27 


ADR26 


ADR25 


ADR24 i ADR23 


ADR22 


R 


Undefined 


*1) 

AD 
REG3L 


AD Result 
Reg 3 low 


66H 


ADR31 ; ADR30 


R 


Undefined 


1 


1 1 


1 


1 


1 


AD 

REG3H 


AD Result 
Reg 3 high 


67 H 


ADR39 ; ADR38 


ADR37 


ADR36 j ADR35 


ADR34 


ADR33 


ADR32 


R 


Undefined 



* 1 : Data to be stored in A/D Conversion Result Reg Low are the lower 2 bits of the conversion 
result. The contents of the lower 6 bits of this register are always read as "1". 
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(8) Interrupt Control (1/2) 



Symbol 


Name 


Address 


7 I 6 I 5 I 4 


3 I 2 I 1 I 


INTE- 
OAD 


INTerrupt 

Enable 

O&A/D 


70H 
(Prohibit 
RMW) 


INTAD 


INTO 


IADC 


IADM2 i IADM1 i IADM0 


IOC 


I0M2 i I0M1 i I0M0 


RAN 


W 


R/W 


W 





; : 





; 


INTE45 


INTerrupt 

Enable 

4/5 


71H 
(Prohibit 
RMW) 


INT5 


INT4 


I5C 


I5M2 I5M1 I5M0 


I4C 


I4M2 I4M1 I4M0 


R/W 


W 


R/W 


W 





o ; i 





o : i 


INTE67 


INTerrupt 

Enable 

6/7 


72 H 
(Prohibit 
RMW) 


INT7 


INT6 


I7C 


I7M2 I7M1 I7M0 


I6C 


I6M2 I6M1 ; I6M0 


R/W 


W 


R/W 


W 





! 








INTET10 


INTerrupt 
Enable 
Timer 1/0 


73H 
(Prohibit 
RMW) 


INTT1 (Timer 1) 


INTTO (Timer 0) 


IT1C 


IT1M2 IT1M1 IT1M0 


ITOC 


IT0M2 j IT0M1 ; IT0M0 


R/W 


W 


R/W 


W 





o ; o ; o 





i 


INTE- 
PW10 


INTerrupt 
Enable 
PWm 1/0 


74H 
(Prohibit 
RMW) 


INTT3 (Timer 3/PWM1) 


INTT2 (Timer 2/PWM0) 


IPW1C 


IPW1M2 i IPW1M1 : IPW1M0 


IPWOC 


ipwom2 : ipwomi : ipwomo 


R/W 


w 


R/W 


w 





o o ; o 








INTET54 


INTerrupt 
Enable 
Treg 5/4 


75H 
(Prohibit 
RMW) 


INTTR5 (TREG5) 


INTTR4 (TREG4) 


IT5C 


IT5M2 IT5M1 IT5M0 


IT4C 


IT4M2 i IT4M1 \ IT4M0 


R/W 


W 


R/W 


w 











oioio 


INTET76 


INTerrupt 
Enable 
Treg 7/6 


76H 
(Prohibit 
RMW) 


INTTR7 (TREG7) 


INTTR6 (TREG6) 


IT7C 


IT7M2 IT7M1 IT7M0 


IT6C 


IT6M2 ! IT6M1 IT6M0 


R/W 


W 


R/W 


w 














INTESO 


INTerrupt 
Enable 
Serial 


77H 
(Prohibit 
RMW) 


INTTXO 


INTRXO 


ITXOC 


ITX0M2 ! ITX0M1 ; ITX0M0 


IRXOC 


IRX0M2 ; IRX0M1 j IRX0M0 


R/W 


W 


R/W 


W 





o ; 





o o ; o 


INTES1 


INTerrupt 
Enable 
Serial 1 


78H 
(Prohibit 
RMW) 


INTTX1 


INTRX1 


ITX1C 


ITX1M2 ; ITX1M1 ; ITX1M0 


IRX1C 


IRX1M2 ; IRX1M1 ; IRX1M0 


R/W 


W 


R/W 


W 















lxxM2 


IxxMI 


IxxMO 


Function (Write) 











Prohibit interrupt request. 








1 


Set interrupt request level to "1 ". 





1 





Set interrupt request level to "2". 





1 


1 


Set interrupt request level to "3". 


1 








Set interrupt request level to "4". 


1 





1 


Set interrupt request level to "5". 


1 


1 





Set interrupt request level to "6". 


1 


1 


1 


Prohibit interrupt request. 



IxxC 


Function (Read) 


Function (Write) 





Indicate no interrupt request. 


Clear interrupt request flag. 


1 


Indicate interrupt request. 


Don't care 
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Interrupt Control (2/2) 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 







DMA 
request 
Vector 










//DMAO start vector 


DMAOV 


7CH 








DMA0V8 


DMA0V7 


DMA0V6 


DMA0V5 


DMA0V4 


(Prohibit 








W 




RMW) 

























DMA 1 

request 

Vector 










//DMA1 start vector 


DMA1V 


7DH 








DMA1V8 


DMA1V7 


DMA1V6 


DMA1V5 


DMA1V4 


(Prohibit 








W 




RMW) 

























DMA 2 
request 
Vector 










,«DMA2 start vector 


DMA2V 


7EH 








DMA2V8 


DMA2V7 


DMA2V6 


DMA2V5 


DMA2V4 


(Prohibit 








W 




RMW) 

























DMA 3 
request 
Vector 










uDMA3 start vector 


DMA3V 


7FH 








DMA3V8 


DMA3V7 


DMA3V6 


DMA3V5 


DMA3V4 


(Prohibit 








W 




RMW) 







































I0IE 


I0LE 


NMIREE 


















W 


W 


W 




Interrupt 
Input 
Mode 
Contorol 























IIMC 


7BH 

(Prohibit 
RMW) 












1: INTO 
input 
enable 


0: INTO 
edge 
mode 

1: INTO 
level 
mode 


1 : Operate 
even at 
NMI rise 
edge 
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(9) Chip Select /Wait Controller 



Symbol 


Name 


Address 


7 


6 


5 


4 


3 


2 


1 











BOE 


BOSYS 


BOCAS 


BOBUS 


B0W1 


B0W0 


B0C1 


B0C0 




Block 
CS/WAIT 
control 
register 




W 


W 


W 


W 


W 


W 


W 


W 






























BOCS 


68H 


1: 
CS 


1: 

SYSTEM 


0: 

CSO 


0: 16bit 
Bus 


00: 2WAIT 
01: 1 WAIT 


00: 7F00H-7FFFH 
01: 400000H~ 




(Prohibit 


Enable 


only 


1: 


1: 8bit 


10: 1WAIT + n 


10: 800000H- 






RMW) 






CASO 


Bus 


1 1 : 0WAIT 


1 1 : C00000 


H~ 








B1E 


B1SYS 


B1CAS 


B1BUS 


B1W1 


B1W0 


B1C1 


B1C0 




Block 1 
CS/WAIT 
control 
register 




W 


W 


W 


W 


W 


W 


W 


W 






























B1CS 


69H 


1: 


1: 


0: 


0: 16bit 


00: 2WAIT 


00: 480H-7FFFH <N«e3> 






CS 


SYSTEM 


CST 


Bus 


01: 1WAIT 


01: 400000H- 




(Prohibit 


Enable 


only 


1: 


1 : 8bit 


10: 1WAIT + n 


10: 800000H- 






RMW) 






CAST 


Bus 


1 1 : 0WAI.T 


1 1 : C00000 


H~ 








B2E 


B2SYS 


B2CAS 


B2BUS 


B2W1 


B2W0 


B2C1 


B2C0 




Block 2 
CS/WAIT 
control 
register 




W 


W 


W 


W 


W 


W 


W 


W 






1 























B2CS 


6AH 


1: 


1: 


0: 


0: 16bit 


00: 2WAIT 


00: 8000H- 








CS 


SYSTEM 


CS2 


Bus 


01: 1WAIT 


01: 400000H- 




(Prohibit 


Enable 


only 


1: 


1 : 8bit 


10: 1WAIT + n 


10: 800000H- 






RMW) 






CAS2 


Bus 


1 1 : 0WAIT 


11: C00000H- 



Note 1 : After reset, only "Block 2" is set to enable. 

— * After reset, the program sta rts in 16-bit data bus, 2-wait state. 
Note 2 : These registers can be accessed jonly in system mode] 
Note 3 : TMP96C041A for internal RAM less is 80H—7FFFH. 
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6. PORT SECTION EQUIVALENT CIRCUIT DIAGRAM 

• Reading The Circuit Diagram 

Basically, the gate symbols written are the same as those used for the standard 
CMOS logic IC [74HCXX] series. 

The dedicated signal is described below. 

STOP : This signal becomes active "1" when the halt mode setting register is 
set to the STOP mode and the CPU executes the HALT instruction. 
When the drive enable bit [DRIVE] is set to "1", however, STOP 
remains at "0". 

• The input protection resistans ranges from several tens of ohms to several hundreds 
of ohms. 



P0(AD0~AD7), P1 (AD8-15, A8-15), P2(A16~23, A0~7) 

VCC 



Output Data 



Output Enable 
STOP 



Input Data 




Input Enable 



Programmable 
Pull Down 
Resistance 
J (onlyPORT2) 

03028!, 



P30(RD), P31(WR) 

Output Data 
STOP 



VCC 
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P32-37, P40-41, P6, P7, P80-86, P91-92, P94-95 

VCC 



Output Data 



Output Enable 
STOP 



Input Data 





-wv- 



Input Enable 



9 VCC 

i>o-li 



Programmable 
Pull Up 
Resistance 



-Qi/o 



P42 (CS2, CAS2) 



Output Data 



Output Enable _i — n 

stop = Ly 



Input Data 




VCC 

I 




Input Enable 



4>H[ 



Programmable 
Pull Down 
Resistance 



P5(AN0~3) 



Analog input 
channel select 

Analog input 



Input Data 



->o J_ 

At 




-Wv— 1 



{J Input 



Input Enable 
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P87 (INTO) 



VCC 



Output Data 



Output Enable 
STOP 



Input Data 




1 



-AAAr 



Schmitt 



VCQ 



Programmable 
Pull Up 
Resistance 

tl i/o 



P90(TXD0), P93(TXD1) 
Output Data 



Open Drain 
Enable 



STOP 
Input Data 



VCC 




"AMr 



Input Enable 



VCC 



Programmable 
Pull Up 
Resistance 

tl '/o 
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NMI 



NMI 



Input 



Schmitt 



WDTOUT 



WDTOUT 



i>° — >- 



{J OUT 



CLK 



internal CLK 

STOP 
internal reset 



VCC VCC 




t> 1 

N-ch 



Test circuit 



<<j wv- 



OUT 



EA ( AM8/16 



-o<KpMr- 



- | | Input 



ALE 



VCC 



internal ALE [>o- 



£ P-cr 



-O 0UT 



N-ch 
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RESET 



100kn 

typ--- 



vcc 



reset 



WDTOUT 
reset enable 



Schmitt 



X1, X2 



clock 



oscillator 



STOP 




□ X2 



□ X1 



■ VREF, AGND 



_Q VREF 



Ladder 
Resistance 



A/ D Converter 
GND 



-□ AGND 
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7. Care Points and Restriction 

(1) Special Expression 

Explanation of a built-in I/O register : Register Symbol <Bit Symbol > 
ex) TRUN < TORUN > • • • Bit TORUN of Register TRUN 

© Read, Modify and Write Instruction 

An instruction which CPU executes following by one instruction. 

1. CPU reads data of the memory. 

2. CPU modifies the data. 

3. CPU writes the data to the same memory, 
exl) SET 3, (TRUN) ••• set bit3 of TRUN 

ex2) INC 1,(100H) ••• increment the data of 100H 

• The representative Read, Modify and Write Instruction in the TLCS-900 
SET imm, mem , RES imm, mem 
CHG imm, mem , TSET imm, mem 
INC imm, mem , DEC imm, mem 
RLD A, mem , ADD imm, reg 

© 1 state 

1 cycle clock divided by 2 oscillation frequency is called 1 state, 
ex) The case of oscillation frequency is 20MHz 

(2) Care Points 
© EA, pin 

Fix these pins Vrjc or GND unless changing voltage. 

(§) Warmingup Counter 

The warmingup counter operates when the STOP mode is released even the system 
which is used an external oscillator. As a result, it takes warming up time from 
inputting the releasing request to outputting the system clock. 

® High Speed^DMA (DRAM refresh mode) 

When the Bus is released (BUSAK= "0") for waiting to accept the interrupt, 
DRAM refresh is not performed because of the high-speed /^DMA is generated by an 
interrupt. 

@ Programmable Pull Up/Down Resistance 

The programmable pull up/down resistors can be selected ON/OFF by program 
when they are used as the input ports. The case of they are used as the output ports, 
they can not be selected ON/OFF by program. 
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(S> Bus Releasing Function 

Refer to the "Note about the Bus Release" in 3.5 Functions of Ports because the pin 
state when the bus is released is written. 

©Watch Dog Timer 

When the bus is released, both internal memory and internal I/O can not be 
accessed. But the internal I/O continues to operate. So, the watch dog timer 
continues to run. Therefore, be care about the bus releasing time and set the 
detection timer of watch dog timer. 

©WatchDog Timer 

The watch dog timer starts operation immediately after the reset is released. 
When the watch dog timer is not used, set watch dog timer to disable. 

(g) CPU (High Speed^DMA) 

Only the "LDC cr, r", "LDC r, cr" instruction can be used to access the control 
register like transfer source address register (DMASn) in the CPU. 
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CMOS 16-bit MICROCONTROLLERS 
TMP96C141AF 

1. OUTLINE AND DEVICE CHARACTERISTICS 

TMP96C141AF is high-speed advanced 16-bit microcontrollers developed for 
controlling medium to large-scale equipment. The TMP96C141AF has the improved 
bus release function and serial interface for TMP96C141F. Otherwise, the devices 
function in the same way. 

TMP96C141AF is housed in an 80-pin flat package, and is pin-compatible with 
TMP96C141F except the P92 (CTSO / SCLKO). 
Device characteristics are as follows: 

(1) Original 16-bit CPU 

• TLCS-90 instruction mnemonic upward compatible. 

• 16M-byte linear address space 

• General-purpose registers and register bank system 

• 16-bit multiplication / division and bit transfer/arithmetic instructions 

• High-speed micro DMA : 4 channels (1.6 ^s/2 bytes @20MHz) 

(2) Minimum instruction execution time : 200ns @20MHz 

(3) Internal RAM : 1Kbyte 
Internal ROM : None 

(4) External memory expansion 

• Can be expanded up tol6M bytes (for both programs and data). 

• Can mix 8- and 16-bit external data buses. 



2 channels 

2 channels 

2 channels 

4 bits, 2 channels 

2 channels 

4 channels 



(5) 8-bit timers 

(6) 8-bit PWM timers 

(7) 16-bit timers 

(8) Pattern generators 

(9) Serial interface 

(10) 10-bit A/D converter 

(11) Watchdog timer 

(12) Chip select/wait controller : 3 blocks 

(13) Interrupt functions 

• 3 CPU interrupts SWI instruction, priviledged violation, and Illegal 

instruction 

• 14 internal interrupts — 1 _ , . . . , 

• 6 external interrupts J 74evel P riority can be set 

(14) I/O ports 

47 pins 

(15) Standby function : 3 halt modes (RUN, IDLE, STOP) 
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(ANO) P50 ' 
(AN1)P51 • 
(AN 2) P52 • 
(AN3) P53 ■ 
VREF ■ 
AGND ■ 



(TXDO) P90 
(RXDO) P91 
(SCLKO/CTSO) P92 

(TXD1) P93 
(RXD1) P94 ■ 
(SCLK1) P95- 




(TIO) P70- 
(T01) P71- 

(T02) P72- 
(T03) P73- 



(INTO) P87- 



1 0-BIT 4CH 

A/D 
CONVERTER 



SERIAL I/O 
(CH.O) 



8BIT TIMER 
(TIMER 0) 



8B IT TIMER 
(TIMER 1) 



8BITPWM 
(TIMER 2) 



8BIT PWM 
(TIMER 3) 





OSC 



INTERRUPT 
CONTROLLER 



WATCH-DOG 
TIMER 



PORTO 



PORT 1 



PORT 2 



PORT 3 



CS/WAIT 
CONTROLLER 
(3-BLOCK) 



VCC [2] 
VSS [3] 

X1 
X2 



"EA 

" RESET 
ALE 



WDTOUT 



-P00-P07 
(AD0-AD7) 



-P10-P17 

(AD8~AD15/A8~A15) 



■P20-P27 
(A0~A7/A16~A23) 



- P30(RD) 
P31( WR) 

• P32( HWR) 

- P33(WAIT) 



• P34(BUSRQ) 

• P35(BUSAK) 

- P36(R/W) 

- P37(RAS) 



-P40(CS0/CAS0) 
-P41( CS1/CAS1 ) 
-P42(CS2/CAS2) 



Figurel TMP96C141A Block Diagram 
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2. PIN ASSIGNMENT AND FUNCTIONS 

The assignment of input / output pins for TMP96C141A, their name and outline 
functions are described below. 

2.1 Pin Assignment 

Figure 2.1 shows pin assignment of TMP96C141AF. 



(AN0)P50 
(AN1)P51 
(AN2)P52 
(AN3)P53 
VCC 
VREF 
AGND 
VSS 

(PG00)P60 
(PG0DP61 
(PG02)P62 
(PG03)P63 
(PG10)P64 
(PG11)P65 
(PG12)P66 
(PG13)P67 
(TI0)P70 
(T01)P71 
(T02)P72 
(T03)P73 
(INT4/TI4)P80 
(INT5/TI5)P81 
(T04)P82 
(T05)P83 
(INT6/TI6)P84 
(INT7/TI7)P85 
(T06)P86 
(INT0)P87 
NMl 



1 



WDTOUT 



RESET 
CLK 



I- h: 

3- C 

4- C 

5- C 

6- C 

*-t 

9^ 
10— C 

II— 11 

12- TJ 

13- TJ 

14- TJ 

15- E 

16- C 

17- C 

18- C 

19- £ 

20- C 

21- C 

22- £ 

23- £ 
24^ 



Top View 
QFP80 



-72 
-71 
-70 
-69 
-68 
-67 
-66 
-65 



VSS 
X1 
X2 
EA 

(TXD0)P90 
(RXD0)P91 
(SCLK0/CTS0)P92 
(TXD1)P93 



UUUUUUUUUULJUUU 



J- 64 
1-63 
>62 

>-6o 

>-59 
>-58 
^57 
D-56 
J-55 
>54 
3—53 
D-52 
>51 
>50 
J—A9 
D— 48 
^47 
D— 46 
U-45 
1^44 

D-43 
>42 
>-41 



-40 
-39 
-38 
-37 
-36 
-35 
-34 
-33 



P42(CS2/CAS2) 

P4KCS1 /CAS1 ) 

P40(CS0/CAS0) 

P37(RAS) 

P36(RA/V) 

P35(BUSAK) 

P34( BUSRQ ) 

P33(WAIT) 

P32(HWR) 

P31(WR) 

P30(RD) 

P27(A7/A23) 

P26(A6/A22) 

P25(A5/A21) 

P24(A4/A20) 

P23(A3/A19) 

P22(A2/A18) 

P21(A1/A17) 

P20(A0/A16) 

VSS 

P17(AD15/A15) 

P16(AD14/A14) 

P15(AD13/A13) 

P14(AD12/A12) 

P13(AD11/A11) 

P12(AD10/A10) 

P11(AD9/A9) 

P10(AD8/A8) 

P07(AD7) 

P06(AD6) 

P05(AD5) 

P04(AD4) 

P03(AD3) 

P02(AD2) 

P01(AD1) 

POO(ADO) 

VCC 

ALE 

P95(SCLK1) 
P94(RXD1) 



Note : Because the TMP96C141A has an external ROM, POO to P17 pins are fixed to 
ADO to AD15; P30 to RD; and P31 to WR. 



Figure 2.1 Pin Assignment (80-pin QFP) 
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2.2 Pin Names and Functions 

The names of input/output pins and their functions are described below. 
Table 2.2 Pin Names and Functions. 



Pin name 


Number 
of pins 


I/O 


Functions 


P0O-PO7 
AD0-AD7 


8 


I/O 

Tri-state 


Port 0: I/O port that allows I/O to be selected on a bit basis 
Address/data (lower): 0-7 for address/data bus 


P10-P17 

AD8~AD15 

A8-A15 


8 


I/O 

Tri-state 
Output 


Port 1 : I/O port that allows I/O to be selected on a bit basis 
Address data (upper): 8 - 1 5 for address/data bus 
Address: 8 to 15 for address bus 


P20~P27 

A0-A7 
A16-A23 


8 


I/O 

Output 
Output 


Port 2 : I/O port that allows selection of I/O on a bit basis 
(with pull-down resistor) 
Address: - 7 for address bus 
Address: 16 - 23 for address bus 


P30 
RD 


1 


Output 
Output 


Port 30: Output port 

Read: Strobe signal for reading external memory 


P31 

Wr 


1 


Output 
Output 


Port 31: Output port 

Write: Strobe signal forwriting data on pins ADO - 7 


P32 
HWR 


1 


I/O 
Output 


Port 32: I/O port (with pull-up resistor) 

High write: Strobe signal forwriting data on pins AD8 - 15 


P33 
WAIT 


1 


I/O 
Input 


Port 33: I/O port (with pull-up resistor) 
Wait: Pin used to request CPU bus wait 


P34 
BUSRQ 


1 


I/O 
Input 


Port34: I/O port (with pull-up resistor) 

Bus request: Signal used to request high impedance for ADO - 15, 
AO - 23, RD, WR,HWR, R/W, RAS, CSO, CS1, and CS2 pins. 
(For external DMAC) 


P35 
BUSAK 


1 


I/O 
Output 


Port 35: I/O port (with pull-up resistor) 
Bus acknowledge: Signal indicating that AD0-1 5, AO-23, RD, 
WR.HWR, R/W, RAS, CSO, CS1,and CS2 pins are at high impedance 
after receiving BUSRQ. (For external DMAC) 


P36 
R/W 


1 


I/O 
Output 


Port 36: I/O port (with pull-up resistor) 

Read/write: 1 represents read or dummy cycle; 0, write cycle. 


P37 
RAS 


1 


I/O 
Output 


Port 37: I/O port (with pull-up resistor) 

Row address strobe: Outputs RAS strobe for DRAM. 


P40 
CSO 

CASO 


1 


I/O 
Output 

Output 


Port 40: I/O port (with pull-up resistor) 

Chip select 0: Outputs when address is within specified address 
area. 

Column address strobe 0: Outputs CAS strobe for DRAM when 
address is within specified address area. 



Note : With the external DMA controller, this device's built-in memory or built-in I/O cannot be 
accessed using the BUSRQ and BUSAK pins. 
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Pin name 


Number 
of pins 


I/O 


Functions 


P41 
CS1 
CAS1 


1 


I/O 
Output 
Output 


Port 41 : I/O port (with pull-up resistor) 

Chip select 1 : Outputs if address is within specified address area. 
Column address strobe 1 : Outputs CAS strobe for DRAM if address 
is within specified address area. 


P42 
CS2 
CAS2 


1 


I/O 
Output 
Output 


Port 42: I/O port (with pull-down resistor) (Notel) 
Chip select 2: Outputs if address is within specified address area. 
Column address strobe 2: Outputs CAS strobe for DRAM if address 
is within specified address area. 


P50-P53 
AN0-AN3 


4 


Input 
Input 


Port 5: Input port 

Analog input: Input to A/D converter 


VREF 


1 


Input 


Pin for reference voltage input to A/D converter 


AGND 


1 


Input 


Ground pin for A/D converter 


rbU~rb3 
PG00-PG03 


4 


I/O 

Output 


Ports 60-63: I/O ports that allow selection of I/O on a bit basis 

(with pull-up resistor) 

Pattern generator ports: 00-03 


P64-P67 
PG10-PG13 


4 


I/O 

Output 


Ports 64 -67: I/O ports that allow selection of I/O on a bit basis 

(with pull-up resistor) 

Pattern generator ports: 10-13 


P70 
TIO 


1 


I/O 
Input 


Port 70: I/O port (with pull-up resistor) 
Timer input 0: Timer input 


P71 
T01 


1 


I/O 
Output 


Port 71 : I/O port (with pull-up resistor) 
Timer output 1 : Timer or 1 output 


P72 
TO 2 


1 


I/O 
Output 


Port 72: I/O port (with pull-up resistor) 
PWM output 2: 8-bit PWM timer 2 output 


P73 
T03 


1 


I/O 
Output 


Port 73: I/O port (with pull-up resistor) 
PWM output 3: 8-bit PWM timer 3 output 


P80 
TI4 
INT4 


1 


I/O 
Input 
Input 


Port 80: I/O port (with pull-up resistor) 
Timer input 4: Timer 4 count/capture trigger signal input 
Interrupt request pin 4: Interrupt request pin with programmable 
rising/falling edge 


P81 
TI5 
INT5 


1 


I/O 
Input 
Input 


Port 81 : I/O port (with pull-up resistor) 

Timer input 5: Timer 4 count/capture trigger signal input 

Interrupt request pin 5: Interrupt request pin with rising edge 


P82 
T04 


1 


I/O 
Output 


Port 82: I/O port (with pull-up resistor) 
Timer output 4: Timer4output pin 


P83 
TO 5 


1 


I/O 
Output 


Port 83: I/O port (with pull-up resistor) 
Timer output 5: Timer4 output pin 



Note 1 : CaseofthesettableCS2orCAS2; when TMP96C141AF is bus release, this pin is not added 
the internal pull-down resistor but is added the internal pull-up resistor. 
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Pin name 


Number 
of pins 


I/O 


Functions 


P84 
TI6 
INT6 




I/O 
Input 
Input 


Port 84: I/O port (with pull-up resistor) 
Timer input 6: Timer 5 count/capture trigger signal input 
Interrupt request pin 6: Interrupt request pin with 
programmable rising/falling edge 


P85 
TI7 
INT7 




I/O 
Input 

| pi pjj*£ 


Port 85: I/O port (with pull-up resistor) 

Timer input 7: Timer 5 count/capture trigger signal input 

In+orriint roniioct nin 7* Intorriint roni loct nin \A/i+h ricinn onno 

1 1 1 CC 1 1 Upi 1 CUUCM |JIII /. Ill It II U|Jl 1 CwUCM |JIII VV I LI 1 1 1 jI i i y cu y c 


P86 
TO 6 


1 


I/O 

Outni it 


Port 86: I/O port (with pull-up resistor) 

*T~i mo r ni 1 1 r\ i it ■ Ti mo r i-i ni itni it n i n 
1 1 1 Mcl UU l|JU l O . 1 lllltri D UU i|JU I pill 


P87 
INTO 




I/O 
Input 


Port 87: I/O port (with pull-up resistor) 

Interrupt request pin 0: Interrupt request pin with 

nrnnrammanlD lo\/ol/t*icinn orlno 
yj i um t ci 1 1 1 1 1 10 ui c i c v c 1/ 1 oi 1 1 y cvjyc 


P90 
TXDO 


1 


I/O 

Oi itni it 


Port 90: I/O port (with pull-up resistor) 

Qorial conrl Hat;* H 
jtrllcli it-llU UdLa \J 


P91 
RXDO 


1 


I/O 


Port 91 : I/O port (with pull-up resistor) 

^ori^l roroiwo Hiita fl 

JCl lal I CLC 1 VC UO LCI \J 


P92 

CTSO 

SCLKO 


1 


I/O 
Input 
I/O 


Port 92: I/O port (with pull-up resistor) 
Seridl ddtd send ensble (Clesrto Send) 
Serial clock I/O 


P93 
TXD1 


1 


I/O 
Output 


Port 93: I/O port (with pull-up resistor) 
Serial send data 1 


P94 
RXD1 


1 


I/O 
Input 


Port 94: I/O port (with pull-up resistor) 
Serial receive data 1 


P95 
SCLK1 




I/O 
I/O 


Port 95: I/O port (with pull-up resistor) 
Serial clock I/O 1 


WDTOUT 


1 


Output 


Watchdog timer output pin 


NMI 


1 


Input 


Non-maskable interrupt request pin: Interrupt request pin with 
falling edge. Can also be operated at rising edge by program. 


CLK 


! 


Output 


Clock output: Outputs TX1-r4j clock. Pulied-up during reset. 


EA 




Input 


External access: should be inputted with TMP96C141 A. 


ALE 




Output 


Address latch enable 


RESET 




Input 


Reset: Initializes LSI. (With pull-up resistor) 


X1/X2 


2 


I/O 


Oscillator connecting pin 


VCC 


2 




Power supply pin ( + 5V) 


VSS 


3 




GND pin (0V) 



Note : Pull-up/pull-down resistor can be released from the pin by software (except the RESET pin). 
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3. OPERATION 

This section describes the functions and basic operations of TMP96C141A device. 
Check the \ 7. Care Points and Restriction of TMP96C141 J because of the Care 
described. Regarding the function of TMP96C141A (not described), see the part of 
TMP96C141. 

3.1 CPU 

TMP96C141A device has a built-in high-performance 16-bit CPU (900-CPU). (For 
CPU operation, see TLCS-900 CPU in the previous section.) 

3.2 Memory Map 

TMP96C141A has two register modes. One is a minimum mode; in this mode, the 
area of program memory is 64K bytes maximum. The other is a maximum mode; in this 
mode, The area of program memory is 16M bytes maximum. 

Both minimum and maximum modes are the data memory area of 16M bytes 
maximum. 

That is, the program memory can locate 0H~FFFFH in minimum mode and can 
locate OH ~ FFFFFFH in maximum mode. 

(1) Internal RAM 

TMP96C141A has the RAM of IK bytes. This RAM is located to 80H-47FH. The 
CPU can access the part of RAM (80H~FFH) with using the short instruction code of 
direct addressing mode. 

(2) Internal I/O devices 

TMP96C141A uses the address space of 128 bytes for the internal I/O devices area. 
This area is located to 0H-7FH. 

The CPU can access the internal I/O devices area with using the short instruction 
code of direct addressing mode. 

Check the access area of each addressing mode and the memory map in Fig. 3.2. 
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Memory Map 

Figure 3.2 is a memory map of the TMP96C141A. 



Internal I/O 
(128-bvte) 



Internal RAM 
OK-byte) 



Interrupt entry area 
(32entriesx 16 byte) 



External memory 
(16M-byte) 



t 

Direct area (n) 



64K-byte area 
(nn) 



16M-byte area 
(R) 
(-R) 
(R + ) 

(R + R8/16) 
(R + d8/16) 
(nnn) 



= Internal area) 



Note : The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the 
system mode side to 100H. 



Figure3.2 Memory map 
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3.3 Bus release function 

TMP96C141A has the internal pull-up and pull-down resistors to fix the bus control 
singnals at bus release. 

Show the table 3.3 of pin condition at bus release (BUSAK = 0). 



Table 3.3 The condition of pins at the bus release (BUSAK = "L") 



pin name 


the status of pins at bus release 


port mode 


function mode 


P00-P07 
(AD0-AD7) 
P10-P17 
(AD8-15/A8-15) 


the status is no-change, 
(these pins are not "Hz".) 


these pins are "Hz". 


P30 (RD) 
P31 (WR) 




these pins are "Hz". 

("Hz" status after these pinsdrived high 

level) 


P32 (HWR) 
P37 (RAS) 




The output buffer is "OFF" after these 
pins drived high. 

These pins are added the internal resistor 
of pull-up. It's no relation forthe value 
of output latch. 


P36 (R/W) 
P40 (CSO/CASO) 
P41 (CS1/CAS1) 






P42 (CS2/CAS2) 


t 


(*) T 


P20-P27 
(A16-23) 


t 


The output buffer is "OFF" after these 
pinsdrived low. 

These pins are added the internal resistor 
of pull-down. It's no relation for the 
value of output latch. 



the difference with TMP96C141 



That is, when it is used for bus release (BUSAK = 0), the pins of below need pull-up or pull- 
down resistor for an external circuit. 

P00-P07 (AD0-AD7) 
P10-P17 (AD8-AD15) 
P30 (RD) 
P31 (WR) 

(*) P42 has the resistor of programmable pull-down, but when the bus are released, P42 
pin is added a resistor of pull-up. 
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Case of the bus release function; show a sample of external bus interface in the 
Fig.3.3 (1). 

When the bus is released, both internal memory and internal I/O can not be accessed. 
But the internal I/O continues to run. So, the watchdog timer also continues to run. 
Therefore, be care about bus releasing time and set the detection time of WDT. 



Vcc 



TMP96C041AF 



(Internal 
pull-down) 



P00-P07 
(ADO-7) 



P10-P17 
(AD8-15) 

P20-P27 
(A16-23) 



P30(RD) 
P31 (WR) 




P32 (HWR) 
P36 ( R/W ) 
(Internal pull-up) P37 ( RAS ) 
P40 ( CSO ) 
P41 ( CS1 ) 
P42(CS2) . 



Vcc 



Address/Data bus (ADO-15) 



Higher address bus (A16-23) 



System control bus 



Fig.3.3 (1) Example of the interface circuit (The case of using bus releasing function) 



3.4 Serial function 

TMP96C141A has two Serial I/O devices. Both channel and channel 1 are same 
function except the handshake (CTSO pin) function of the channel and can use I/O 
interface mode. 

Show the part of TMP96C141 in detail. 
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4. ELECTRICAL CHARACTERISTICS (PRELIMINARY) 

4.1 Absolute Maximum (TMP96C 141 AF) 



Symbol 


Parameter 


Rating 


Unit 


Vcc 


Power Supply Voltage 


-0.5-6.5 


V 


VIN 


Input Voltage 


-0.5~Vcc + 0.5 


V 


2IOL 


Output Current (total) 


100 


mA 


2IOH 


Output Current (total) 


-100 


mA 


PD 


Power Dissipation (Ta = 85°C) 


500 


mW 


T SOLDER 


Soldering Temperature (10 s) 


260 


°C 


TSTG 


Storage Temperature 


-65-150 


°C 


TOPR 


Operating Temperature 


-40-85 


°c 



4.2 DC Characteristics (TMP96C141 AF) 

Vcc = 5V± 10%,TA= -40~85°C (4~16MHz) TA = - 20~70°C (4~20MHz) 

(Typical values are for Ta = 25°C and Vcc = 5V) 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 


VIL 

VIL1 

VIL2 

VIL3 

VIL4 


Input Low Voltage (ADO - 1 5) 

P2,P3,P4, P5, P6,P7, P8, P9 

RESET,NMI,INT0(P87) 

EA 

XI 


-0.3 
-0.3 
-0.3 
-0.3 
-0.3 


0.8 

0.3Vcc 

0.25Vcc 

0.3 

0.2Vcc 


V 
V 
V 
V 
V 




VIH 
VIH1 
VIH2 
V IH3 
VIH4 


Input High Voltage (ADO - 1 5) 

P2, P3, P4, P5, P6, P7, P8, P9 

RESET, NMI, INTO (P87) 

EA 

X1 


2.2 

0.7Vcc 
0.75Vcc 
Vcc -0.3 
0.8 Vcc 


Vcc + 0.3 
Vcc + 0.3 
Vcc + 0.3 
Vcc + 0.3 
Vcc + 0.3 


V 
V 
V 
V 
V 




VOL 


Output Low Voltage 




0.45 


V 


I OL= 1.6mA 


VOH 

VOH1 

VOH2 


Output High Voltage 


2.4 

0.75Vcc 
0.9Vcc 




V 
V 
V 


I OH = -400^A 
I OH = - 100^A 
I OH = -20/tA 


I DAR 


Darlington Drive Current 
(8 Output Pins max.) 


-1.0 


-3.5 


mA 


V EXT = 1.5V 
REXT=1.1kQ 


I LI 
I LO 


Input Leakage Current 
Output Leakage Current 


TBD (Typ) 
TBD (Typ) 


±5 
± 10 


fiA 
//A 


0.0 ^ Vin=SVcc 

0.2 iS VinSVcc-0.2 


I cc 


Operating Current (RUN) 
IDLE 

STOP(Ta= - 20-70 °C) 
STOP(Ta = 0~50°C) 


TBD (Typ) 
TBD (Typ) 
TBD (Typ) 


TBD 
10 
50 
10 


mA 
mA 

/jlA 
juA 


tosc = 20MHz 

0.2:2 Vin^ Vcc -0.2 
0.2=S Vin^Vcc-0.2 


VSTOP 


Power Down Voltage 
(@STOP, RAM Back up) 


2.0 


6.0 


V 


VIL2 = 0.2Vcc, 
VIH2 = 0.8Vcc 


R RST 


RESET Pull Up Register 


50 


150 


kn 




CIO 


Pin Capacitance 




10 


PF 


tosc= 1MHz 


VTH 


Schmitt Width 
RESET, NMI, INTO (P87) 


0.4 


TBD (Typ) 


V 




R K 


Pull Down/Up Register 


50 


150 


kn 





Note : I-DAR is guaranteed for a total of up to 8 ports. 
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4.3 AC Electrical Characteristics (TMP96C141 AF) 



Vcc = 5V± 10%,TA= -40~85°C (4~16MHz) TA = -20~70°C (4~20MHz) 



INO. 


Symbol 


Parameter 


Variavle 


16MHz 


20MHz 


Unit 


IVI i n 


I V Id A 


IVI i n 


Max 


IVI 1 f 1 


Max 


1 


tosc 


Osc. Period ( = x) 


DU 


9 cn 

ZDU 


OZ.D 




DU 




ns 


2 


tcLK 


CLK width 


~) v /in 

ZX — *l\J 




o? 




fin 

DU 




ns 


3 


tAK 


A0-23 Valid-* CLK Hold 


U. DX — ZU 




1 1 
I I 




D 




ns 


4 


tKA 


CLK Valid—* A0-23 Hold 


I .DX — /u 




OA 
Z*f 




D 




ns 


5 


tAL 


AO-15 Valid-* ALE fall 


U.DX — I D 




1 K 
I O 




I u 




ns 


6 


tLA 


ALE fall-* AO-15 Hold 


U.DX I D 




I O 




1 n 

I u 




ns 


7 


tLL 


ALE High width 


v — ah 

X — *4-U 




93 
Z J 




1 n 

I U 




ns 


8 


tLC 


ALE fall^RD/WR fall 


U.JA jU 




1 
1 




C 
-J 




ns 


9 


tCL 


RDA/VR rise-* ALE rise 


n ^y — 9n 
u.dx ZU 




1 1 




C 
J 




ns 


10 


tACL 


AO-15 Valid-* RDA/VR fall 


x — 25 




JO 




25 




ns 


11 


tACH 


A0-23 Valid-* RDA/VR fall 


1 ^y — 




AA 




9 1 ; 

ZD 




ns 


12 


tCA 


RDA/VR rise-*A0-23 Hold 


n ^y — 9n 

U.DX ZU 




1 1 




C 
D 




ns 


13 


tADL 


AO-15 Valid-* DO-15 input 




3 (lv AK 
j.Ua — M-D 




1 A3 

I H J 




1 rm 

I U J 


ns 


14 


tADH 


AO-23 Valid-* DO-15 input 




3 ^Y 

j.JA — OD 




1 ^A 
I D^f 




1 1 n 

I I u 


ns 


15 


tRD 


RDfall -* DO-15 input 




Z.UX — DU 




/ D 




^n 

DU 


ns 


16 


tRR 


RD Low width 


2 Ox - 40 




■85 




60 




ns 


17 


tHR 


RDrise-* DO-15 Hold 


n 
u 




u 




u 




ns 


18 


tRAE 


RDrise-* A0-15output 


x — 1 5 




AS 




35 




ns 


19 


tww 


WR Low width 


2 Ox — 40 




QC 
O J 




60 




ns 


20 


tDW 


DO-15 Valid-* WR rise 


2 Ox — 50 




/ J 




50 




ns 


21 


twD 


WR rise -*D0-15 Hold 


n _ 1 n 

U.DX — l u 




9 1 
Z I 




I D 




ns 


22 


tAEH 


AO-23 Valid-* WAIT input ( 1 wait h J 




3 Ry — Qn 

J.JA jU 




1 9Q 

1 Zj 




85 


ns 


23 


tAWL 


A0-15 Valid-* WAIT input 0w*1],hp) 




3 n,_ an 

J.UA — ou 




1 08 




70 


ns 


24 


tew 


RDA/VR fall— >WAIT Hold (TXmode) 


2 Ox + 




19^ 

1 Z J 




1 00 




ns 


25 


tAPH 


AO-23 Valid-* PORT input 




2 5x - 1 20 




3fi 




5 


ns 


26 


tAPH2 


AO-23 Valid-* PORT Hold 


t.JAT DU 




9nK 
zuo 




175 




ns 


27 


tcp 


WR rise-* PORT Valid 




9nn 
zuu 




9nn 
zuu 




9nn 

ZUU 


ns 


28 


tASRH 


AO-23 Valid-* RAS fall 


1 riv _ /in 

I .UX H\J 




93 
Z j 




1 n 

I U 




ns 


29 


tASRL 


AO-15 Valid-* RAS fall 


n ^y — 1 ^ 

U.ja ™" I D 




I u 




1 




ns 


30 


tRAC 


RAS fall-* DO-15 input 




9 Kv 7n 
Z. DX — /u 




oD 




DD 


ns 


31 


tRAH 


RAS fall-* A0-1 5 Hold 


0.5x- 15 




16 




10 




ns 


32 


tRAS 


RAS Low width 


2.0X-40 




85 




60 




ns 


33 


tRP 


RAS High width 


2.0x-40 




85 




60 




ns 


34 


tRSH 


CAS fall-* RAS rise 


I.Ox-35 




28 




15 




ns 


35 


tRSC 


RAS rise-* CAS rise 


0.5x-25 




6 









ns 


36 


tRCD 


RASfalln* CAS fall 


1.0x-40 




23 




10 




ns 


37 


tCAC 


CAS fall-* DO-15 input 




1.5X-65 




29 




10 


ns 


38 


tCAS 


CAS Low width 


1.5x-30 




64 




40 




ns 


39 


tDS 


DO-15 Valid-* CAS fall 


0.5x- 15 




16 




10 




ns 



















































































AC Measuring Conditions 

• Output Level : High 2.2V /Low 0.8V , CL50pF 

(However CL = 100pF for AD0-AD1 5, AD0-AD23, ALE, RD, WR, HWR, RA/V, CLK, RAS, CAS0-CAS2) 

• Input Level : High 2.4V /Low 0.45V (AD0-AD15) 

High0.8Vcc /Low0.2Vcc (Except for AD0-AD1 5) 
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(1) Read Cycle 



_t OSC" 



X1 



CLK 



AO-23 



CSO-2 



R/W 



WAIT 



Port Input 



RAS 



CASO-2 



RD 



ADO- 15 



ALE 



^AK" 



tASRH" 



-*CLK- 



■^AWH - 
"tAWL" 



"tAPH - 
-*APH2- 



*ASRL 



^RAH- 



"*^RCD" 
— t A DH" 



"^ACH" 



"tACL 



"tKA" 



■tew- 



f^CAC 



< 



AO- 15 



^AL" 



-t LL - 



"*~^LA" 



> 



"tRSH" 
"^RAS" 



-tRAC- 



"tCAS" 



tRR" 



"tRD - 
"tADL" 



tRSC 



x 



~*RP" 



■tCA" 



!"tRAE" 



DO- 15 



*-tCL" 
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(2) Write Cycle 



X1 



CLK 



AO-23 



CSO-2 



R/W 



WAIT 



Port Output 



RAS 



CASO-2 



WR, HWR 



ADO- 15 - 



ALE 



X 



— "< 



J 



x 



1 L 



AO 



tDS 



-tww 



DO- 15 



X 



X 



/ 



/ 



f 



tcp 
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4.4 A/D Conversion Characteristics (TMP96C141 AF) 



Vcc = 5V± 10%,TA = -40~85"C (4~16MHz) TA= - 20~70°C (4~20MHz) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vref 


Analog reference voltage 


Vcc- 1.5 




Vcc 


V 


Agnd 


Analog reference voltage 


Vss 




Vss 


Vain 


Analog input voltage range 


Vss 




Vcc 


!ref 


Anlog current for analog reference voltage 




TBD 


1.5 


mA 


Total error 
(Quantize error 
of ±0.5 LSB not 
included) 


4SfcS 16MHz 


Low change mode 




TBD 


±4.0 


LSB 


High change mode 




TBD 


±6.0 


16<fcS20MHz 


Low change mode 




TBD 


±4.0 


High change mode 




TBD 


±8.0 



4.5 Serial Channel Timing - I/O Interface Mode 

(1) SCLK Input Mode Vcc = 5V± 10%,TA= -40~85°C (4~16MHz) TA= -20~70°C (4~20MHz) 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tSCY 


SCLK cycle 


16X 




1 




0.8 




^ 


toss 


Output Data — » Rising edge of SCLK 


t 5C Y/2-5X-50 




137 




100 




ns 


tOHS 


SCLK rising edge-* Output Data hold 


5X- 100 




212 




150 




ns 


tHSR 


SCLK rising edge-* Input Data hold 

















ns 


tSRD 


SCLK rising edge-* effective data input 




t SCY -5X- 100 




587 




450 


ns 


(2) SCLK Output Mode Vcc = 5V± 10%,TA= -40~85°C (4~16MHz) TA = - 20~70°C (4~20MHz) 


Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tSCY 


SCLK cycle (programmable) 


16X 


8192X 


1 


512 


0.8 


409.6 




toss 


Output Data -*SCLK rising edge 


t SCY -2X- 150 




725 




550 




ns 


k>HS 


SCLK rising edge-* Output Data hold 


2X-80 




45 




20 




ns 


tHSR 


SCLK rising edge-* Input Data hold 

















ns 


tSRD 


SCLK rising edge—* effective data input 




t SCY -2X-150 




725 




550 


ns 



4.6 Timer/Counter Input Clock (TI0, TI4, TI5, TI6, TI7) 

Vcc = 5V± 10%,TA= -40~85°C (4~16MHz) TA = -20~70°C (4~20MHz) 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tvCK 


Clock Cycle 


8X+ 100 




600 




500 




ns 


tvCKL 


Low level clock Pulse width 


4X + 40 




290 




240 




ns 


tvCKH 


High level clock Pulse width 


4X + 40 




290 




240 




ns 



4.7 Interrupt Operation 

Vcc = 5V± 10%,TA= -40~85°C (4~16MHz) TA = - 20~70°C (4~20MHz) 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tlNTAL 


NMI, INTO Low level Pulse width 


4X 




250 




200 




ns 


tlNTAH 


NMI, INTO High level Pulse width 


4X 




250 




200 




ns 


tlNTBL 


INT4-INT7 Low level Pulse width 


8X+ 100 




600 




500 




ns 


tlNTBH 


INT4-INT7 High level Pulse width 


8X+ 100 




600 




500 




ns 
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4.8 Timing Chart for I/O Interface Mode 



J 



r 



X 



X 



X 



< 
i— 
< 

H 
Z> 

o 



X 1 



X 



X 



X 



X 



X 



X 



X 



< 
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4.9 Timing Chart for Bus Request (BUSRQ) / Bus Acknowledge (BUSAK) 
(Note 1) 



CLK 



BUSRQ 



BUSAK 



AD0-AD15 



A16-A23 



RD, WR 



CS0-CS2, 
R/W, R AS, 
CAS0-CAS2 



\ 



tBRC 
IS — 



3£\ 



3£7 



3£7 



tCBAL 



tBRC 



tCBAH' 



■4V- 



(Note 2) 
(Note 3) 



tBAA 



Symbol 



Variable 



16MHz 



Min Max 



tBRC 



BUSRQ set-up time for CLK 



120 



120 



120 



tcBAL 



CLK-» BUSAK failing edge 



1.5x+ 120 



220 



"tcBAH 



CLK-> BUSAK rising edge 



0.5x + 40 



65 



f ABA 



Output Buffer is off to BUSAK 



80 



80 



80 



tBAA 



BUSAK _f to Output Buffer is on. 



80 



80 



(Note 1) : The Bus will be released after the WAIT request is inactive, when the 

BUSRQ is set to "0" during "Wait" cycle. 
(Note 2) : The internal programmable pull-down resistor is added. 
(Note 3) : The internal programmable pull-up resistor is added. 

But the CS2/CAS2 pin does not have the internal programmable pull-up 

resistor. And in the condition of bus release, this pin is added the internal 

pull-up resistor. 
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5. TMP96C141/TMP96C141A/TMP96C041A Different points 

TMP96C141/TMP96C141A/TMP96C041A have much the same function but they are 
different from following points. 



Parameter 


TMP96C141 


TMP96C141A 


TMP96C041A 


Interrnal RAM 


1K byte 


1 K byte 


not exist 


Pin condition at bus release 


TMP96C141 
see Figure 3.5 (1) 


TMP96C141A 
see Figure 3.3 


TMP96C041A 
see Figure 3.3 


Mapping area of CS1 defult 
setting (B1C1/0: 00) 


480H-7FFFH 


480H-7FFFH 


80H-7FFFH 


P92,CTS0, SCLKO 


1 


l"MP96C141 does not 
have the SCLKO 

function. 
Serial channel 
does not have the 

_ I/O interface mode. 


TM 
he 


P96C141A/TMP96C04 
ve the SCLKO functior 

Serial channel 
have the I/O 
interface mode. 


1A 
l. 
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CMOS 16-bit MICROCONTROLLERS 
TMP96C041AF 

1. OUTLINE AND DEVICE CHARACTERISTICS 

TMP96C041AF is high-speed advanced 16-bit microcontrollers developed for 
controlling medium to large-scale equipment. The TMP96C041A has the improved bus 
release function, serial interface and RAMless for TMP96C141F. Otherwise, the devices 
function in the same way. 

TMP96C041AF is housed in an 80-pin flat package, and is pin-compatible with 
TMP96C141F except the P92 (CTSO / SCLKO). 
Device characteristics are as follows: 

(1) Original 16-bit CPU 

• TLCS-90 instruction mnemonic upward compatible. 

• 16M-byte linear address space 

• General-purpose registers and register bank system 

• 16-bit multiplication / division and bit transfer/arithmetic instructions 

• High-speed micro DMA : 4 channels (1.6 /^s/2 bytes @20MHz) 

(2) Minimum instruction execution time : 200ns @20MHz 

(3) Internal RAM : None 
Internal ROM : None 

(4) External memory expansion 

• Can be expanded up tol6M bytes (for both programs and data). 

• Can mix 8- and 16-bit external data buses. 



2 channels 

2 channels 

2 channels 

4 bits, 2 channels 

2 channels 

4 channels 



(5) 8-bit timers 

(6) 8-bit PWM timers 

(7) 16-bit timers 

(8) Pattern generators 

(9) Serial interface 

(10) 10-bit A/D converter 

(11) Watchdog timer 

(12) Chip select/wait controller : 3 blocks 

(13) Interrupt functions 

• 3 CPU interrupts SWI instruction, priviledged violation, and Illegal 

instruction 

• 14 internal interrupts I , , . . , 

• 6 external interrupts J 7-level priority can be set. 

(14) I/O ports 

47 pins 

(15) Standby function : 3 halt modes (RUN, IDLE, STOP) 
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(ANO) P50 ' 
(AN1) P51 ■ 
(AN2) P52 ■ 
(AN3) P53 - 
VREF- 
AGND ■ 



(TXDO) P90 ' 
( RXDO ) P91 
(SCLKO/CTSO) P92 

(TXD1) P93 ■ 
(RXD1)P94 
(SCLK1) P95 



(PG 00) P60 
(PG 01) P61 
(PG 02) P62 
(PG 03) P63 
(PG 10) P64 
(PG 11) P65 
(PG 12) P66 
(PG 13) P67 



(TIO) P70- 
(T01)P71- 

(T02) P72- 
(T03) P73- 



(INT4/TI4) P80- 
(INT5/TI5) P81 - 
(T04) P82 - 
(T05) P83 - 

(INT6/TI6) P84- 
(INT7/TI7) P85- 
(T06) P86- 

(INTO) P87- 



1 0-BIT 4CH 

A/D 
CONVERTER 



SERIAL I/O 
(CH.O) 



SERIAL I/O 
(CH.1) 



PATTERN 
GENERATOR 
(CH.O) 



PATTERN 
GENERATOR 
(CH.1) 



8BIT TIMER 
(TIMER 0) 



8B IT TIMER 
(TIMER 1) 



8BITPWM 
(TIMER 2) 



8BIT PWM 
(TIMER 3) 



16BITTIMER 
(TIMER 4) 



16BIT TIMER 
(TIMER 5) 



CPU 




osc 



INTERRUPT 
CONTROLLER 



WATCH-DOG 
TIMER 



PORTO 



PORT 1 



PORT 2 



PORT 3 



CS/WAIT 
CONTROLLER 
(3-BLOCK) 



VCC [2] 
VSS [3] 

X1 
X2 



- CLK 



WDTOUT 



- P00-P07 
(AD0-AD7) 



-P10-P17 

(AD8~AD15/A8~A15) 



-P20-P27 
(A0~A7/A16~A23) 




-P40( CS0/CAS0 ) 
-P41( CS1 / CAS1 ) 
-P42(CS2/CAS2) 



Figurel TMP96C041A Block Diagram 
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2. PIN ASSIGNMENT AND FUNCTIONS 

The assignment of input / output pins for TMP96C041A, their name and outline 
functions are described below. 

2.1 Pin Assignment 

Figure 2.1 shows pin assignment of TMP96C041AF. 



(AN0)P50 
(AN1)P51 
(AN2)P52 
(AN3)P53 
VCC 
VREF 
AGND 
VSS 

(PG00)P60 
(PG0DP61 
(PG02)P62 
(PG03)P63 
(PG10)P64 
(PG11)P65 
(PG12)P66 
(PG13)P67 
(TI0)P70 
(T01)P71 
(T02)P72 
(T03)P73 
(INT4ATI4)P80 
(INT5/TI5)P81 
(T04)P82 
(T05)P83 
(INT6/TI6)P84 
(INT7/TI7)P85 
(T06)P86 
(INT0)P87 
NMI 



WDTOUT 



RESET 
CLK 



VSS 
X1 
X2 
EA 

(TXD0)P90 
(RXD0)P91 
(SCLK0/CTS0)P92 
(TXD1)P93 




P42(CS2/CAS2) 

P4KCS1 /CAS1 ) 

P40(CS0/CAS0) 

P37(RAS) 

P36( R/W) 

P35( BUSAK) 

P34( BUSRQ ) 

P33(WAIT) 



P32(HWR) 

P31(WR) 

P30(RD) 

P27(A7/A23) 

P26(A6/A22) 

P25(A5/A21) 

P24(A4/A20) 

P23(A3/A19) 

P22(A2/A18) 

P21(A1/A17) 

P20(A0/A16) 

VSS 

P17(AD15/A15) 

P16(AD14/A14) 

P15(AD13/A13) 

P14(AD12/A12) 

P13(AD11/A11) 

P12(AD10/A10) 

P1KAD9/A9) 

P10(AD8/A8) 

P07(AD7) 

P06(AD6) 

P05(AD5) 

P04(AD4) 

P03(AD3) 

P02(AD2) 

P01(AD1) 

POO(ADO) 

VCC 

ALE 

P95(SCLK1) 
P94(RXD1) 



Note : Because the TMP96C041A has an external ROM, POO to P17 pins are fixed to 
ADO to AD15; P30 to RD; and P31 to WR. 



Figure 2.1 Pin Assignment (80-pin QFP) 
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2.2 Pin Names and Functions 

The names of input/output pins and their functions are described below. 
Table 2.2 Pin Names and Functions. 



Pin name 


Number 
of pins 


I/O 


Functions 


P0O-P07 
AD0~AD7 


8 


I/O 

Tri-state 


Port 0: I/O port that allows I/O to be selected on a bit basis 
Address/data (lower): 0-7 for address/data bus 


P10-P17 

AD8~AD15 

A8-A15 


8 


I/O 

Tri-state 
Output 


Port 1 : I/O port that allows I/O to be selected on a bit basis 
Add ress data (upper) : 8-15 for address/data bus 
Address: 8 to 15 for address bus 


P20~P27 

A0-A7 
A16-A23 


8 


I/O 

Output 
Output 


Port 2 ! I/O port that a I lows selection of I/O on a bit basis 
(with pull-down resistor) 
Address: 0-7foraddressbus 
Address: 16 - 23 for address bus 


P30 
RD 


1 


Output 
Output 


Port 30: Output port 

Read: Strobe signal for reading external memory 


P31 
WR 


1 


Output 
Output 


Port 31: Output port 

Write: Strobe signal for writing data on pins ADO - 7 


P32 
HWR 


1 


I/O 
Output 


Port 32: I/O port (with pull-up resistor) 

High write: Strobe signal for writing data on pins AD8 - 15 


P33 
WAIT 


1 


I/O 
Input 


Port 33: I/O port (with pull-up resistor) 
Wait: Pin used to request CPU bus wait 


P34 
BUSRQ 


1 


I/O 
Input 


Port34: I/O port (with pull-up resistor) 

Bus request: Signal used to request high impedance for ADO - 15, 
AO - 23, RD, WR,HWR, R/W, RAS, CSO, CS1, and CS2 pins. 
(For external DMAC) 


P35 
BUSAK 


1 


I/O 
Output 


Port 35: I/O port (with pull-up resistor) 
Bus acknowledge: Signal indicating that AD0-1 5, AO-23, RD, 
WR,HWR, R/W, RAS, CSO, CS1, and CS2 pins are at high impedance 
after receiving BUSRQ. (For external DMAC) 


P36 
R/W 


1 


I/O 
Output 


Port 36: I/O port (with pull-up resistor) 

Read/write: 1 represents read or dummy cycle; 0, write cycle. 


P37 
RAS 


1 


I/O 
Output 


Port 37: I/O port (with pull-up resistor) 

Row address strobe: Outputs RAS strobe for DRAM. 


P40 
CSO 

CASO 


1 


I/O 
Output 

Output 


Port 40: I/O port (with pull-up resistor) 

Chip select 0: Outputs when address is within specified address 
area. 

Column address strobe 0: Outputs CAS strobe for DRAM when 
address is within specified address area. 



Note : With the external DMA controller, this device's built-in memory or built-in I/O cannot be 
accessed using the BUSRQ and BUSAK pins. 
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Pin name 


Number 
of pins 


I/O 


Functions 


P41 
CS1 

r aci 

LAb 1 


1 


I/O 
Output 
Output 


Port 41 : I/O port (with pull-up resistor) 

Chip select 1 : Outputs if address is within specified address area. 
Column address strobe 1 : Outputs CAS strobe for DRAM if address 
is within specified address area. 


P42 
CS2 
CAS2 


1 


I/O 
Output 
Output 


Port 42: I/O port (with pull-down resistor) (Notel) 
Chip select 2: Outputs if address is within specified address area. 
Column address strobe 2: Outputs CAS strobe for DRAM if address 
is within specified address area. 


P50-P53 
AN0-AN3 


4 


Input 
Input 


Port 5: Input port 

Analog input: Input to A/D converter 


VREF 


1 


Input 


Pin for reference voltage input to A/D converter 


AGND 


1 


Input 


Ground pin for A/D converter 


Pb(J~ro3 
PG00-PG03 


4 


I/O 
Output 


Ports 60-63: I/O ports that allow selection of I/O on a bit basis 

(with pull-up resistor) 

Pattern generator ports: 00-03 


P64-P67 
PG10-PG13 


4 


I/O 
Output 


Ports 64- 67: I/O ports that allow selection of I/O on a bit basis 

(with pull-up resistor) 

Pattern generator ports: 10-13 


P70 
TIO 


1 


I/O 
Input 


Port 70: I/O port (with pull-up resistor) 
TimerinputO: TimerOinput 


P71 
T01 


1 


I/O 
Output 


Port 71 : I/O port (with pull-up resistor) 
Timer output 1 : Timer or 1 output 


P72 
T02 


1 


i /o 
I/O 

Output 


Port 72: I/O port (with pull-up resistor) 
PWM output 2: 8-bit PWM timer 2 output 


P73 
T03 


1 


I/O 
Output 


Port 73: I/O port (with pull-up resistor) 
PWM output 3: 8-bit PWM timer 3 output 


P80 
TI4 
!NT4 


1 


I/O 
Input 
Input 


Port 80: I/O port (with pull-up resistor) 
Timerinput4: Timer 4 count/capture trigger signal input 
Interrupt request pin 4: Interrupt request pin with programmable 
rising/falling edge 


P81 
TI5 
INT5 


1 


I/O 
Input 
Input 


Port 81 : I/O port (with pull-up resistor) 

Timerinput5: Timer4count/capturetriggersignal input 

Interrupt request pin 5: Interrupt request pin with rising edge 


P82 
T04 


1 


I/O 
Output 


Port 82: I/O port (with pull-up resistor) 
Timeroutput4: Timer4output pin 


P83 
TO 5 


1 


I/O 
Output 


Port 83: I/O port (with pull-up resistor) 
Timer output 5: Timer 4 output pin 



Note 1 : Case of the settable CS2 or CAS2; when TMP96C041AF is bus release, this pin is not added 
the internal pull-down resistor but is added the internal pull-up resistor. 
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Pin name 


Number 


I/O 


Functions 


P84 
TI6 
INT6 


1 


I/O 
Input 
Input 


Port 84: I/O port (with pull-up resistor) 
Timer input 6: Timer 5 count/capture triggersignal input 
Interrupt request pin 6: Interrupt request pin with 
programmable rising/falling edge 


P85 
TI7 
INT7 




I/O 
Input 
Input 


Port 85: I/O port (with pull-up resistor) 

Timer input7: Timer 5 count/capture triggersignal input 

Interrupt request pin 7: Interrupt request pin with rising edge 


P86 
TO 6 


1 


I/O 
Output 


Port 86: I/O port (with pull-up resistor) 
Timer output 6: Timer 5 output pin 


P87 
INTO 


1 


I/O 
Input 


Port 87: I/O port (with pull-up resistor) 

Interrupt request pin 0: Interrupt request pin with 

programmable level/rising edge 


P90 
TXDO 




I/O 
Output 


Port 90: I/O port (with pull-up resistor) 
Serial send data 


P91 
RXDO 




I/O 
Input 


Port 91: I/O port (with pull-up resistor) 
Serial receive data 


P92 

CTSO 

SCLKO 




I/O 
Input 


Port 92: I/O port (with pull-up resistor) 
Serial data send enable (Clear to Send) 
Serial clock I/O 


P93 
TXD1 


1 


I/O 
Output 


Port 93: I/O port (with pull-up resistor) 
Serial send data 1 


P94 
RXD1 


1 


I/O 
Input 


Port 94: I/O port (with pull-up resistor) 
Serial receive data 1 


P95 


1 


I/O 
l/U 


Port 95: I/O port (with pull-up resistor) 
benai ciock i/u i 


\fl/nTni it 

VVUIUUI 




/~\ , ,4- k . ,-f 

UUipUT 


Watchdog timer output pin 


Mil /l| 

IN Ml 




Input 


Non-maskable interrupt request pin : Interrupt request pin with 
falling edge. Can also be operated at rising edge by program. 


CLK 


1 


Output 


Clock output: Outputs [X1-5-4J clock. Pulled-up during reset. 


EA 




Input 


External access: should be inputted with TMP96C041A. 


ALE 




Output 


Address latch enable 


RESET 




Input 


Reset: Initializes LSI. (With pull-up resistor) 


X1/X2 


2 


I/O 


Oscillator connecting pin 


VCC 


2 




Power supply pin ( + 5V) 


VSS 


3 




GND pin (0V) 



Note : Pull-up/pull-down resistor can be released from the pin by software (except the RESET pin). 
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3. OPERATION 

This section describes the functions and basic operations of TMP96C041A device. 
Check the I 7. Care Points and Restriction J because of the Care described. 
Regarding the functions of TMP96C041A (not described), see the part of TMP96C141. 

3.1 CPU 

TMP96C041A device has a built-in high-performance 16-bit CPU (900-CPU). (For 
CPU operation, see TLCS-900 CPU in the previous section.) 

3.2 Memory Map 

TMP96C041A has two register modes. One is a minimum mode; in this mode, the 
area of program memory is 64K bytes maximum. The other is a maximum mode; in this 
mode, the area of program memory is 16M bytes maximum. 

Both minimum and maximum modes are the data memory area of 16M bytes 
maximum. 

That is, the program memory can locate 0H~FFFFH in minimum mode and can 
locate OH ~ FFFFFFH in maximum mode. 

(1) Internal I/O devices 

TMP96C041A uses the address space of 128 bytes for the internal I/O devices area. 
This area is located to 0H-7FH. 

The CPU can access the internal I/O devices area with using the short instruction 
code of direct addressing mode. 

Check the access area of each addressing mode and the memory map in Fig. 3.2 (1). 



MCU900-215 



TOSHIBA 



TMP96C041A 



Memory Map 

Figure 3.2 (1) is a memory map of the TMP96C041A. 



000000H 
000080H 

000100H 



008000H 



008200H 



010000H 



FFFFFFH 



Internal I/O 
(128-bvte) 



Interrupt entry area 
(32entriesx 16 byte) 



External memory 
(16M-byte) 



t 

Direct area (n) 



64K-byte area 
(nn) 



16M-byte area 
(R) 
(-R) 
(R + ) 

(R + R8/16) 
(R + d8/16) 
(nnn) 



( | j = Internal area) 



Note : The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the 
system mode side to 100H. 



Figure3.2(1) Memory map 
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(2) CS1 area (Chip select / wait controller) 

TMP96C041A is expanded the part of address area for CST (only B1C1.0 = "00"). 
Show the address area of CST in Fig 3.2 (2). 



000000H 

000480H 
007FFFH 
400000H 

800000H 

C00000H 

FFFFFFH 



TMP96C141 
CST 





B1C1,0 = 


'00" 




B1C1,0 = 


'01" 


B1C1,0 = 


'10" 


B1C1,0 = 


'11" 



000000H 
000080H 

007FFFH 
400000H 

800000H 

C00000H 

FFFFFFH 



TMP96C041AF-16 
CST 



B1C1,0 = "00" 



B1C1,0 = "01' 



MCI, = "10" 



B1C1. = "1 1 ' 



Fig. 3. 2 (2) CS1 address area 
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3.3 Bus release function 

TMP96C041A has the internal pull-up and pull-down resistors to fix the bus control 
singnals at bus release. 

Show the table 3 .3 of pin condition at bus release (BUS AK = 0) . 



Table 3.3 The condition of pins at the bus release (BUSAK = "L") 



pin name 


the status of pins at bus release 


port mode 


function mode 


P00-P07 
(AD0-AD7) 
P10-P17 
(AD8-15/A8-15) 


the status is no-change, 
(these pins are not "Hz") 


these pins are "Hz". 


P30 (RD) 
P31 (WR) 


IlIllllllllIlllllIIIlllBlHl 


these pins are "Hz". 

("Hz" status after these pinsdrived high 
level) 


P32 (HWR) 
P37 (RAS) 


IH^^HIIMIHill 


The output buffer is "OFF" after these 
pinsdrived high. 

These pins are added the internal resistor 
of pull-up. It's no relation for the value 
of output latch. 


P36 (R/W) 
P40 (CS0/CAS0) 
P41 (CS1/CAS1) 






P42 (CS2/CAS2) 


t 


n t 


P20-P27 
(A16-23) 


T 


The output buffer is "OFF" after these 
pinsdrived low. 

These pins are added the internal resistor 
of pull-down. It's no relation for the 
value of output latch. 



the difference with TMP96C141 



That is, when it is used for bus release (BUSAK = 0), the pins of below need pull-up or pull- 
down resistor for an external circuit. 

P00-P07 (AD0-AD7) 
P10-P17 (AD8-AD15) 
P30 (RD) 
P31 (WR) 

(*) P42 has the resistor of programmable pull-down, but when the bus are released, P42 
pin is added a resistor of pull-up. 
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Case of the bus release function; show a sample of external bus interface in the 
Fig.3.3 (1). 

When the bus is released, both internal memory and internal I/O can not be accessed. 
But the internal I/O continues to run. So, the watchdog timer also continues to run. 
Therefore, be care about bus releasing time and set the detection time of WDT. 



Vcc 



TMP96C041AF 



(Internal 
pull-down) 



P00-P07 
(ADO-7) 



P10-P17 
(AD8-15) 

P20-P27 
(A 16-23) 



P30 (RD) 
P31 (WR) 




P32 (HWR) 
P36 (R/W) 
(Internal pull-up) P37 (RAS) 
P40 ( CSO ) 
P41 ( CS1 ) 
P42(CS2) - 



Vcc 



Address/Data bus(AD0-15) 



Higher address bus (A1 6-23) 



System control bus 



Fig.3.3 (1) Example of the interface circuit (The case of using bus releasingfunction) 



3.4 Serial function 

TMP96C041A has two Serial I/O devices. Both channel and channel 1 are same 



function except the handshake (CTSO pin) function of the channel and can use I/O 
interface mode. 

Show the part of TMP96C141 in detail. 
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4. ELECTRICAL CHARACTERISTICS (PRELIMINARY) 

4.1 Absolute Maximum (TMP96C041AF) 



Symbol 


Parameter 


Rating 


Unit 


Vcc 


Power Supply Voltage 


-0.5-6.5 


V 


VIN 


Input Voltage 


-0.5~Vcc + 0.5 


V 


2I0L 


Output Current (total) 


100 


mA 


2IOH 


Output Current (total) 


-100 


mA 


PD 


Power Dissipation (Ta = 85°C) 


500 


mW 


T SOLDER 


Soldering Temperature (10 s) 


260 


°C 


TSTG 


Storage Temperature 


-65-150 


°C 


TOPR 


Operating Temperature 


-40-85 


°C 



4.2 DC Characteristics (TMP96C041 AF) 

Vcc = 5V+ 10%,TA= -40~85°C (4~16MHz) TA = -20~70°C (4~20MHz) 

(Typical values are for Ta = 25°C and Vcc = 5V) 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 


VIL 

VIL1 

VIL2 

VIL3 

VIL4 


Input Low Voltage (ADO - 1 5) 

P2, P3, P4, P5, P6, P7, P8, P9 

RESET,NMl,INT0(P87) 

EA 

X1 


-0.3 
-0.3 
-0.3 
-0.3 
-0.3 


0.8 

0.3Vcc 

0.25Vcc 

0.3 

0.2Vcc 


V 
V 
V 
V 
V 




VIH 

VIH1 

VIH2 

VIH3 

VIH4 


Input High Voltage (ADO - 15) 

P2, P3, P4, P5, P6, P7, P8, P9 

RESET, NMI, INTO (P87) 

EA 

X1 


2.2 

0.7Vcc 
0.75Vcc 
Vcc - 0.3 
0.8Vcc 


Vcc + 0.3 
Vcc + 0.3 
Vcc + 0.3 
Vcc + 0.3 
Vcc + 0.3 


V 
V 
V 
V 
V 




VOL 


Output Low Voltage 




0.45 


V 


I OL = 1.6mA 


VOH 

VOH1 

VOH2 


Output High Voltage 


2.4 

0.75Vcc 
0.9Vcc 




V 
V 
V 


I OH = -400^ 
IOH= -100//A 
I OH = -20//A 


I DAR 


Darlington Drive Current 
(8 Output Pins max.) 


-1.0 


-3.5 


mA 


V EXT = 1.5V 
REXT=1.1kn 


I LI 
I LO 


Input Leakage Current 
Output Leakage Current 


TBD (Typ) 
TBD(Typ) 


±5 
± 10 


//A 


O.O^Vin^Vcc 
0.2s£Vin^Vcc-0.2 


I cc 


Operating Current (RUN) 
IDLE 

STOP(Ta= -20~70°C) 
STOP(Ta = 0~50°C) 


TBD (fypj 
TBD (Typ) 
TBD (Typ) 


TBD 
10 
50 
10 


mA 
mA 


tosc = 20MHz 

0.2:5 Vin=S Vcc -0.2 
0.2=S VinS Vcc-0.2 


VSTOP 


Power Down Voltage 
(@STOP, RAM Back up) 


2.0 


6.0 


V 


V IL2 = 0.2Vcc, 
VIH2 = 0.8Vcc 


RRST 


RESET Pull Up Register 


50 


150 


kn 




CIO 


Pin Capacitance 




10 


PF 


tosc = 1MHz 


VTH 


Schmitt Width 
RESET, NMI, INTO (P87) 


0.4 


TBD (Typ) 


V 




R K 


Pull Down/Up Register 


50 


150 


kn 





Note : I-DAR is guaranteed for a total of up to 8 ports. 
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4.3 AC Electrical Characteristics (TMP96C041 AF) 



Vcc = 5V± 10%,TA = -40~85°C (4~16MHz) TA = -20~70°C (4~20MHz) 



No. 


Symbol 


Parameter 


Variavle 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


1 


^osc 


Osc Period ( = x) 


50 


250 


62.5 




50 




ns 


2 


tCLK 


CLK width 


2x - 40 




85 




60 




ns 


3 


tAK 


A0-23 Valid— * CLK Hold 


0.5x - 20 




1 1 




5 




ns 


4 


tKA 


CLK Valid—* A0-23 Hold 


1.5x-70 




24 




5 




ns 


5 


tAI 

L AL 


A0-1 5 Valid—* Al F fall 

r^WJ 1 -J VCIIIU 7 r~\ \—\— loll 


0.5x - 15 




16 




10 




ns 


6 


L LA 


ALE fall—* A0-1 5 Hold 


0.5x - 15 




16 




10 




ns 


7 


'•LL 


A I F Hinh width 


x-40 




23 




10 






g 


ti r 


Al P f pjM i. RDA/VR fall 


0.5x - 30 




1 




-5 






g 




RDA/VR rise— •* ALE rise 


0.5x - 20 




1 1 




5 




ns 


10 


tACL 


A0-1 5 Valid > RDA7VR fall 


x - 25 




38 




25 




ns 


1 1 


tACH 


AO-23 Valid—* RD/WR fall 

f-\\J £.D w CI 1 \ \A 7 1 V \-J 1 V V 1 \ 1 a 1 1 


1.5x- 50 




44 




25 






1 2 


l CA 


RTVWR rise— * A0-23 Hold 

1 \ LSI V V l\ 1 1 JC 7 f-\\J c, J 1 1 \J 1 \J 


0.5x - 20 




1 1 




5 




ns 


1 3 


tADL 


Afl-1 ^ Valid— » nfl-1 R inni it 

f-\\J I J V CI 1 1 U 7 L^U I J 1 1 I (J U I 




3. Ox- 45 




143 




105 




14 


tADH 


Afl-?3 Valid—* Dfl-1 ^ in nut 

f-\\J vol \ \J> 7 UKJ 1 J 1 1 1 U U L 




3.5x- 65 




154 




110 


ns 


1 5 


tRD 


RQf 3 1 1 _ -> DO-15 input 




2. Ox- 50 




75 




50 


ns 


16 


tRR 


RD Low width 


2. Ox - 40 




85 




60 




ns 


17 


tfHR 


RT5rise— * D0-1 5 Hold 

















ns 


18 


tRAE 


RDrise— * A0-1 5output 


x - 1 5 




48 




35 




ns 


19 


tww 


WR Low width 


2. Ox - 40 




85 




60 




ns 


20 


tpw 


D0-1 5 Valid—* WR rise 


2. Ox - 50 




75 




50 




ns 


21 


tv\/D 


WR rise — *D0-15 Hold 


0.5x - 10 




21 




1 5 




ns 


22 


tAEH 


A0-23 Valid— * WAIT input ( 1 + ^L h) 




3.5x - 90 




1 29 




85 


ns 


23 


tAWL 


A0-15Valid^ WAIT input k) 




3. Ox - 80 




1 08 




70 


ns 


24 


tew 


RDA/VR fall— *WAIT Hold v+^- k) 


2. Ox + 




125 




100 




ns 


25 


tAPH 


Af)-?3 Valid— * PORTinnnt 

f-\\J L.J V CI 1 1 \J 7 V v_/ I \ 1 II 1 VJ LI L 




2.5x - 1 20 




36 




5 


ns 


26 


tAPH2 


A0-23 Valid— * PORT Hold 


2.5x + 50 




206 




175 




ns 


27 


tro 
l CP 


VVR rise—* PORT Valid 




200 




200 




200 


ns 


28 


tASRH 


A0-23 Valid—* RAS fall 


1 .Ox - 40 




23 




10 




ns 


29 


tASRL 


AO- 15 Valid—* RAS fall 


0.5x - 1 5 




1 6 




10 




ns 


30 


tRAC 


RAS fall—* D0-1 5 input 




2.5x - 70 




86 




55 


ns 


3 1 


tRAH 


RAS fall—* Afl-1 S Hold 


U. DX — ID 




I D 








ns 


32 


tRAS 


RAS Low width 


2.0X-40 




85 




60 




ns 


33 


tRP 


RAS High width 


2.0x-40 




85 




60 




ns 


34 


tRSH 


CASfallH> RAS rise 


LOx-35 




28 




15 




ns 


35 


tRSC 


RAS rise-* CAS rise 


0.5x-25 




6 









ns 


36 


tRCD 


RASfallH> CAS fall 


1.0x-40 




23 




10 




ns 


37 


tCAC 


CASfallH> DO-15 input 




1.5x-65 




29 




10 


ns 


38 


tCAS 


CAS Low width 


1.5x-30 




64 




40 




ns 


39 


tDS 


DO-15 Valid-* CAS fall 


0.5x- 15 




16 




10 




ns 



















































































AC Measuring Conditions 

• Output Level : High 2.2V /Low 0.8V ,CL50pF 

(However CL = 1 0OpF for AD0-AD1 5, AD0-AD23, ALE, RD, WR, HWR, RA/V, CLK, RAS, CAS0-CAS2) 

• Input Level : High 2.4V /Low 0.45V (AD0-AD15) 

High0.8Vcc /Low0.2Vcc (Except for AD0-AD1 5) 
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(1) Read Cycle 



"tQSC" 



X1 



CLK 



AO-23 



CSO-2 



R/W 



WAIT 



Port Input 



RAS 



CASO-2 



RD 



ADO-15 



ALE 



X 



*tAK- 



tASRH" 



-tCLK- 



"tAWL" 



~tAPH — 
-tAPH2- 



tASRL 



"tACH" 



^RAH- 



^RCD" 
-~ tADH - 



"tACL 

h— tic 



ft 



X 



"^KA" 



•tew 

1 I 



"tRSH" 
"^RAS" 



-tRAC" 



ct^cac- 



"tCAST 



"tRR" 



< 



AO- 15 



^AL' 



-t L L- 



"tRD - 
tADL" 



-T < 



tRSC 



J 



X 



"tRP" 



■tCA" 



rtRAE" 



tHR 



DO- 15 



>"<I 



*-tCL" 
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(2) Write Cycle 



X1 



CLK 



AO-23 



CSO-2 



R/W 



WAIT 



Port Output 



RAS 



CASO-2 



WR, HWR 



ADO-15 _ 



f— < 



ALE 



J 



tDS 



AO- 15 



X 



J \ 


/ V_ 


/ \ , 


/ \_ 


r 


X 




X 














x: 

r 


jx 








A 
















r 














w 


\ / 




















X 








* t CP *" 





~*ww 

~tpw 

DO- 15 
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4.4 A/D Conversion Characteristics (TMP96C041AF) 



Vcc = 5V± 10%,TA= -40~85°C (4~16MHz) TA = -20~70°C (4~20MHz) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vref 


Analog reference voltage 


Vcc- 1.5 




Vcc 


V 


A GND 


Analog reference voltage 


Vss 




Vss 


V AIN 


Analog input voltage range 


Vss 




Vcc 


Iref 


Anlog current for analog reference voltage 




TBD 


1.5 


mA 


Total error 
(Quantize error 
of + 0.5 LSB not 
included) 


4SfcS 16MHz 


Low change mode 




TBD 


±4.0 


LSB 


High change mode 




TBD 


±6.0 


16<fcS 20MHz 


Low change mode 




TBD 


±4.0 


High change mode 




TBD 


±8.0 



4.5 Serial Channel Timing - I/O Interface Mode 

(1) SCLK Input Mode Vcc = 5V± 10%,TA = -40~85°C (4~16MHz) TA= -20-70 °C (4~20MHz) 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


*SCY 


SCLK cycle 


16X 




1 




0.8 




^ 


toss 


Output Data -* Rising edge of SCLK 


t SC Y/2-5X-50 




137 




100 




ns 


tOHS 


SCLK rising edge-* Output Data hold 


5X- 100 




212 




150 




ns 


tHSR 


SCLK rising edge-* Input Data hold 

















ns 


t$RD 


SCLK rising edge-* effective data input 




t 5CV - 5X - 1 00 




587 




450 


ns 



(2) SCLK Output Mode Vcc = 5V± 10%,TA= -40~85"C (4~16MHz) TA= -20~70°C (4~20MHz) 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


*SCY 


SCLK cycle (programmable) 


16X 


8192X 


1 


512 


0.8 


409.6 


^ 


toss 


Output Data -» SCLK risi ng edge 


t SC Y - 2X - 1 50 




725 




550 




ns 


tOHS 


SCLK rising edge-* Output Data hold 


2X-80 




45 




20 




ns 


*HSR 


SCLK rising edge-* Input Data hold 

















ns 


*SRD 


SCLK rising edge-* effective data input 




t SCY - 2X - 1 50 




725 




550 


ns 



4.6 Timer/Counter Input Clock (TI0, TI4, TI5, TI6, TI7) 

Vcc = 5V± 10%,TA= -40~85°C (4~16MHz) TA= - 20~70'C (4~20MHz) 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tvCK 


Clock Cycle 


8X + 100 




600 




500 




ns 


tvCKL 


Low level clock Pulse width 


4X + 40 




290 




240 




ns 


tvCKH 


High level clock Pulse width 


4X + 40 




290 




240 




ns 



4.7 Interrupt Operation 

Vcc = 5V± 10%,TA= -40~85°C (4~16MHz) TA= - 20~70'C (4~20MHz) 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tlNTAL 


NMI, INTO Low level Pulse width 


4X 




250 




200 




ns 


tlNTAH 


NMT, INTO High level Pulse width 


4X 




250 




200 




ns 


tllMTBL 


INT4-INT7 Low level Pulse width 


8X+ 100 




600 




500 




ns 


tlNTBH 


INT4-INT7 High level Pulse width 


8X + 1 00 




600 




500 




ns 
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4.8 Timing Chart for I/O Interface Mode 



J 



X 



X 



X 



X 



X 



X 



X 



X 



X 



r 



< 

QQ 
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4.9 Timing Chart for Bus Request (BUSRQ) / Bus Acknowledge (BUSAK) 

(Note 1) 



CLK 



BUSRQ 



BUSAK 



AD0-AD15 



A16-A23 



RD.WR 



CS0-CS2, 
R/W, RAS, 



\ 



tBRC 
M 



3£7 



CAS0-CAS2 



3£7 



tCBAL 



tBRC 



"tCBAH ' 



(Note 2) 
(Note 3) 



tBAA 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tBRC 


BUSRQ set-up time for CLK 


120 




120 




120 




ns 


kBAL 


CLK— » BUSAK falling edge 




1.5x+ 120 




245 




220 


ns 


tCBAH 


CLK-> BUSAK rising edge 




0.5x + 40 




71 




65 


ns 


tABA 


Output Buffer is off to BUSAK ~\_ 





80 





80 





80 


ns 


tBAA 


BUSAK _Jk to Output Buffer is on. 





80 





80 





80 


ns 



(Note 1) : The Bus will be released after the WAIT request is inactive, when the 

BUSRQ is set to "0" during "Wait" cycle. 
(Note 2) : The internal programmable pull-down resistor is added. 
(Note 3) : The internal programmable pull-up resistor is added. 

But the CS2/CAS2 pin does not have the internal programmable pull-up 

resistor. And in the condition of bus release, this pin is added the internal 

pull-up resistor. 
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5.TMP96C141/TMP96C141A/TMP96C041A Different points 

TMP96C141/TMP96C141A/TMP96C041A have much the same function but they are 
different from following points. 



Parameter 


TMP96C141 


TMP96C141A 


TMP96C041A 


Interrnal RAM 


1K byte 


1 K byte 


not exist 


Pin condition at bus release 


TMP96C141 
see Figure 3.5 (1) 


TMP96C141A 
see Figure 3.3 


TMP96C041A 
see Figure 3.3 


Mapping area of CS1 defult 
setting (B1C1/0: 00) 


480H-7FFFH 


480H-7FFFH 


80H-7FFFH 


P92,CfS0, SCtKO 




rMP96C141 does not 
have theSCLKO 

function. 
Serial channel 
does not have the 
I/O interface mode._ 


TM 
he 


P96C141A/TMP96C04 
ive the SCLKO functior 

Serial channel 
have the I/O 
interface mode. 


1A 
l. 
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CMOS 16-bit MICROCONTROLLERS 
TMP96CM40F 

1. OUTLINE AND DEVICE CHARACTERISTICS 

TMP96CM40F is high-speed advanced 16-bit microcontrollers developed for 
controlling medium to large-scale equipment. The TMP96C141 does not have a ROM, 
the TMP96CM40F has a built-in ROM of 32K-byte, and the TMP96PM40 has a built-in 
OTPof32K-byte. 

TMP96CM40F is housed in an 80-pin flat package. 
Device characteristics are as follows: 

(1) Original 16-bit CPU 

• TLCS-90 instruction mnemonic upward compatible. 

• 16M-byte linear address space 

• General-purpose registers and register bank system 

• 16-bit multiplication / division and bit transfer/arithmetic instructions 

• High-speed micro DMA : 4 channels (1.6 yus/2 bytes @20MHz) 

(2) Minimum instruction execution time : 200ns @20MHz 

(3) Internal RAM : 1Kbyte 
Internal ROM : 32K byte 

(4) External memory expansion 

• Can be expanded up tol6M bytes (for both programs and data). 

• Can mix 8- and 16-bit external data buses. 



2 channels 

2 channels 

2 channels 

4 bits, 2 channels 

2 channels 

4 channels 



(5) 8-bit timers 

(6) 8-bit PWM timers 

(7) 16-bit timers 

(8) Pattern generators 

(9) Serial interface 

(10) 10-bit A/D converter 

(11) Watchdog timer 

(12) Chip select/wait controller : 3 blocks 

(13) Interrupt functions 

• 3 CPU interrupts SWI instruction, priviledged violation, and Illegal 

instruction 

• 14 internal interrupts — | . . , 

• 6 external interrupts J 7-level pnonty can be set. 

(14) I/O ports : 65 pins 

(15) Standby function : 3 halt modes (RUN, IDLE, STOP) 
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(ANO) P50 ' 
(AN1) P51 
(AN2) P52 
(AN3) P53 
VREF ■ 
AGND ■ 



(TXDO) P90 ' 
( RXDO ) P91 ■ 
(SCLKO/CTSO) P92 " 

(TXD1) P93 - 
(RXD1) P94- 
(SCLK1) P95- 



(PG 00) P60 
(PG 01) P61 
(PG 02) P62 
(PG 03) P63 
(PG 10) P64 
(PG 1 1) P65 
(PG 12) P66 
(PG 13) P67 



(TIO) P70- 
(T0DP71- 

(T02) P72- 
(T03) P73~ 



(INT4/TI4) P80- 
(INT5/TI5) P81 - 
(T04) P82 - 
(T05) P83 - 

(INT6/TI6) P84- 
(INT7/TI7) P85- 
(T06) P86- 

(INTO) P87- 



1 0-BIT 4CH 

A/D 
CONVERTER 



SERIAL I/O 
(CH.O) 



SERIAL I/O 
(CH.1) 



PATTERN 
GENERATOR 
(CH.O) 



PATTERN 
GENERATOR 
(CH.1) 



8BITTIMER 
(TIMER 0) 



8BIT TIMER 
(TIMER 1) 



8BITPWM 
(TIMER 2) 



8BIT PWM 
(TIMER 3) 



16BIT TIMER 
(TIMER 4) 



16BITTIMER 
(TIMER 5) 



CPU 




1 KB RAM 



32KB ROM 



OSC 



INTERRUPT 
CONTROLLER 



WATCH-DOG 
TIMER 



PORTO 



PORT 1 



PORT 2 



PORT 3 



CS/WAIT 
CONTROLLER 
(3-BLOCK) 



VCC [2] 
VSS [3] 

X1 
X2 



"EA 

" RESET 
ALE 



WDTOUT 



- P00-P07 
(AD0-AD7) 



-P10-P17 

(AD8~AD15/A8~A15) 



-P20-P27 
(A0-A7/A16-A23) 



■ P30(RD) 
P31( WR) 

■ P32( HWR) 

- P33(WAIT) 



■ P34(BUSRQ) 
P35(BUSAK) 

■ P36(R/W) 
• P37(RAS) 



-P40(CS0/CAS0) 
-P41( CS1 / CAS1 ) 
-P42(CS2/CAS2) 



TMP96CM40 is added to SCLK0 function. 
(TMP96C141 does not have this function.) 



Figurel TMP96CM40 Block Diagram 
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2. PIN ASSIGNMENT AND FUNCTIONS 

The assignment of input / output pins for TMP96CM40, their name and outline 
functions are described below. 

2.1 Pin Assignment 

Figure 2.1 shows pin assignment of TMP96CM40F. 



(AN0)P50 
(AN1)P51 
(AN2)P52 
(AN3)P53 
VCC 
VREF 
AGND 
VSS 

(PG00)P60 
(PG01)P61 
(PG02)P62 
(PG03)P63 
(PG10)P64 
(PG11)P65 
(PG12)P66 
(PG13)P67 
(TI0)P70 
(T01)P71 
(T02)P72 
(T03)P73 
(INT4/TI4)P80 
(INT5/TI5)P81 
(T04)P82 
(T05)P83 
(INT6ATI6)P84 
(INT7/TI7)P85 
(T06)P86 
(INT0)P87 
NMl 



WDTOUT 



RESET 
CLK 



1~C 

an: 

4^ 
5^ 
6-C 
7^ 

8- C 

9- C 

io— C 
n— C 

12- C 

13- C 

14— £ 

15- C 

16- C 

17- C 

18— C 

19— C 

20— C 

21- C 

22— £ 

23— £ 
24^ 



1 



*5 



-72 
-71 
-70 
-69 
-68 
-67 
-66 
-65 



Top View 
QFP80 



VSS 
X1 
X2 
EA 

(TXD0)P90 
(RXD0)P91 
(SCLK0/CTSO)P92 
(TXD1)P93 



25- 
26- 
27- 
28- 
29- 
30- 
31- 
32- 



uuuuuuuuuuuuuu 



J— 64 
J- 63 
>62 
>61 
J— 60 
>59 
3—58 
D-57 
^56 
J— 55 
>-54 
J— 53 
>52 
IJ-51 
J-50 
J-49 
3—48 
>47 
J— 46 
J-45 
>~44 
D-43 
3-42 
>- 41 



-40 
-39 
-38 
-37 
-36 
-35 
-34 
-33 



P42(CS2 /CAS2 ) 

P41 ( CS1/CAS1 ) 

P40(CS0/CAS0) 

P37(RAS) 

P36(R/W)__ 

P35( BUSAK) 

P34(BUSRQ) 

P33(WAIT) 

P32(HWR) 

P31(WR) 

P30(RD) 

P27(A7/A23) 

P26(A6/A22) 

P25(A5/A21) 

P24(A4/A20) 

P23(A3/A19) 

P22(A2/A18) 

P21(A1/A17) 

P20(AO/A16) 

VSS 

P17(AD15/A15) 

P16(AD14/A14) 

P15(AD13/A13) 

P14(AD12/A12) 

P13(AD11/A11) 

P12(AD10/A10) 

P1KAD9/A9) 

P10(AD8/A8) 

P07(AD7) 

P06(AD6) 

P05(AD5) 

P04(AD4) 

P03(AD3) 

P02(AD2) 

P01(AD1) 

P00(AD0) 

VCC 

ALE 

P95(SCLK1) 
P94(RXD1) 



Note : Because the TMP96C141 has an external ROM, POO to P17 pins are fixed to ADO to AD15; P30 to RD; and P31 to WR. 
111111 : TMP96CM40 is added to SCLK0 function. (TMP96C141 does not have this function.) 



Figure 2.1 Pin Assignment (80-pin QFP) 
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2.2 Pin Names and Functions 

The names of input/output pins and their functions are described below. 
Table 2.2 Pin Names and Functions. 



Pin name 


Number 
of pins 


I/O 


Functions 


POO-P07 
AD0-AD7 


8 


I/O 

Tri-state 


PortO: I/O port that allows I/O to be selected on a bit basis 
Address/data (lower): 0-7 for address/data bus 


P10-P17 

AD8-AD15 

A8-A15 


8 


I/O 

Tri-state 
Output 


Port 1: I/O port that allows I/O to be selected on a bit basis 
Address data (upper): 8-15 for address/data bus 
Address: 8 to 15 for address bus 


P20-P27 

A0-A7 
A16-A23 


8 


I/O 

Output 
Output 


Port 2: I/O port that allows selection of I/O on a bit basis 
(with pull-down resistor) 
Address: - 7 for address bus 
Address: 16 - 23 for address bus 


P30 
RD 


1 


Output 
Output 


Port 30: Output port 

Read: Strobe signal for reading external memory 


P31 
WR 


1 


Output 
Output 


Port 31: Output port 

Write: Strobe signal for writing data on pins ADO - 7 


P32 
HWR 


1 


I/O 
Output 


Port 32: I/O port (with pull-up resistor) 

High write: Strobe signal forwriting data on pins AD8 - 15 


P33 
WAIT 


1 


I/O 
Input 


Port 33: I/O port (with pull-up resistor) 
Wait: Pin used to request CPU bus wait 


P34 
BUSRQ 


1 


I/O 
Input 


Port34: I/O port (with pull-up resistor) 

Bus request: Signal used to request high impedance for ADO - 1 5, 
AO - 23, RD, WR,HWR, R/W, RAS, CSO, CS1, and CS2 pins. 
(For external DMAC) 


P35 
BUSAK 


1 


I/O 
Output 


Port 35: I/O port (with pull-up resistor) 
Bus acknowledge: Signal indicating that AD0-1 5, A0-23, RD, 
WR,HWR, R/W, RAS, CSO, CS1, and CS2 pins are at high impedance 
after receiving BUSRQ. (For external DMAC) 


P36 
R/W 


1 


I/O 
Output 


Port 36: I/O port (with pull-up resistor) 

Read/write: 1 represents read or dummy cycle; 0, write cycle. 


P37 
RAS 


1 


I/O 
Output 


Port 37: I/O port (with pull-up resistor) 

Row address strobe: Outputs RAS strobe for DRAM. 


P40 
CSO 

CASO 


1 


I/O 
Output 

Output 


Port 40: I/O port (with pull-up resistor) 

Chip select 0: Outputs when address is within specified address 
area. 

Column address strobe 0: Outputs CAS strobe for DRAM when 
address is within specified address area. 



Note : With the external DMA controller, this device's built-in memory or built-in I/O cannot be 
accessed using the BUSRQ and BUSAK pins. 
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Pin name 


Number 
of pms 


I/O 


Functions 


P41 
CST 
CAS1 


1 


I/O 
Output 
Output 


Port 41 : I/O port (with pull-up resistor) 

Chip select 1 : Outputs if address is within specified address area. 
Column address strobe 1: Outputs CAS strobe for DRAM if address 
is within specified address area. 


P42 
CS2 
CAS2 


1 


I/O 
Output 
Output 


Port 42: I/O port (with pull-down resistor) (Notel) 
Chip select 2: Outputs if address is within specified address area. 
Column address strobe 2: Outputs CAS strobe for DRAM if address 
is within specified address area. 


P50-P53 
AN0-AN3 


4 


Input 
Input 


Port 5: Input port 

Analog input: Input to A/D converter 


VREF 


1 


Input 


Pin for reference voltage input to A/D converter 


AGND 


1 


Input 


Ground pin for A/D converter 


rbU~rbo 
PG00-PG03 


4 


l/U 

Output 


Ports 60-63: I/O ports that allow selection of I/O on a bit basis 

(with pull-up resistor) 

Pattern generator ports: 00 - 03 


P64-P67 
PG10-PG13 


4 


I/O 
Output 


Ports 64 - 67: I/O ports that allow selection of I/O on a bit basis 

(with pull-up resistor) 

Pattern generator ports: 10-13 


P70 
TIO 


1 


I/O 
Input 


Port 70: I/O port (with pull-up resistor) 
TimerinputO: TimerO input 


P71 
T01 


1 


I/O 
Output 


Port 71 : I/O port (with pull-up resistor) 
Timer output 1 : Timer or 1 output 


P72 
T02 


1 


I/O 
Output 


Port 72: I/O port (with pull-up resistor) 
PWM output 2: 8-bit PWM timer 2 output 


P73 
TO 3 


1 


I/O 
Output 


Port 73: I/O port (with pull-up resistor) 
PWM output 3: 8-bit PWM timer 3 output 


P80 
TI4 
INT4 


1 


I/O 
Input 
Input 


Port 80: I/O port (with pull-up resistor) 
Timerinput4: Timer 4 count/capture trigger signal input 
Interrupt request pin 4: Interrupt request pin with programmable 
rising/falling edge 


P81 
TI5 
INT5 


1 


I/O 
Input 
Input 


Port 81 : I/O port (with pull-up resistor) 

Timerinput5: Timer 4 count/capture trigger signal input 

Interrupt request pin 5: Interrupt request pin with rising edge 


P82 
T04 


1 


I/O 
Output 


Port 82: I/O port (with pull-up resistor) 
Timer output 4: Timer 4 output pin 


P83 
TO 5 


1 


I/O 
Output 


Port 83: I/O port (with pull-up resistor) 
Timer output 5: Timer4 output pin 



Note 1 : Case of the settable CS2 or CAS2; when TMP96CM40F is bus release, this pin is not added 
the internal pull-down resistor but is added the internal pull-up resistor. 
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Pin name 


Number 
of pins 


I/O 


Functions 


P84 
TI6 
INT6 




I/O 
Input 
Input 


Port 84: I/O port (with pull-up resistor) 
Timer input 6: Timer 5 count/capture trigger signal input 
Interrupt request pin 6: Interrupt request pin with 
programmable rising/falling edge 


P85 
TI7 

IMT7 


1 


I/O 
Input 
Input 


Port 85: I/O port (with pull-up resistor) 

Timer input 7: Timer 5 count/capture trigger signal input 

Interrupt request pin 7: Interrupt request pin with rising edge 


P86 

\ \JO 


1 


I/O 

Hi i + m if 

uuipui 


Port 86: I/O port (with pull-up resistor) 
Timer output 6: Timer 5 output pin 


P87 
INTO 


1 


I/O 
Input 


Port 87: I/O port (with pull-up resistor) 

Interrupt request pin 0: Interrupt request pin with 

programmable level/rising edge 


P90 
xvnn 

1 AL/U 


1 


I/O 
uu ipui 


Port 90: I/O port (with pull-up resistor) 
Serial send data 


P91 
pvnn 

r\ALJU 


1 


I/O 
1 n put 


Port 91 : I/O port (with pull-up resistor) 
Serial receive data 


P92 
SCLKO 


1 


I/O 
input 
I/O 


Port 92: I/O port (with pull-up resistor) 
Serial data send enable (Clearto Send) 
Serial clock I/O 


P93 
TXD1 


1 


I/O 
Output 


Port 93: I/O port (with pull-up resistor) 
Serial send data 1 


P94 
RXD1 


1 


I/O 
Input 


Port 94: I/O port (with pull-up resistor) 
Serial receive data 1 


P95 
SCLK1 




I/O 
I/O 


Port 95: I/O port (with pull-up resistor) 
Serial clock I/O 1 


WDTOUT 




Output 


Watchdog timer output pin 


NMT 




Input 


Non-maskable interrupt request pin: Interrupt request pin with 
falling edge. Can also be operated at rising edge by program. 


CLK 


] , 


Output 


Clock output: Outputs f X1-5-4J clock. Pulled-up during reset. 


EA 




Input 


External access: should be inputted with TMP96C141 . 
1, with TMP96CM40 /TMP96PM40. 


ALE 




Output 


Address latch enable 


RESET 




Input 


Reset: Initializes LSI. (With pull-up resistor) 


X1/X2 


2 


I/O 


Oscillator connecting pin 


VCC 


2 




Power supply pin ( + 5V) 


VSS 


3 




GND pin (0V) 



Note : Pull-up/pull-down resistor can be released from the pin by software (except the reset pin). 
: TMP96CM40 is added to SCLKO function. (TMP96C141 does not have this function.) 
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3. OPERATION 

This section describes the functions and basic operations of TMP96M40 device. The 
function of CPU and internal I/O devices are the same function as TMP96C141. 
Check the \ 7. Care Points and Restriction of TMP96C141 J because of the Care 
described. Regarding the function of TMP96CM40 (not described), see the part of 
TMP96C141. 

3.1 CPU 

TMP96CM40 device has a built-in high-performance 16-bit CPU (900-CPU). (For 
CPU operation, see TLCS-900 CPU in the previous section.) 

3.2 Memory Map 

TMP96CM40 has two register modes. One is a minimum mode; in this mode, the area 
of program memory is 64K bytes maximum. The other is a maximum mode; in this 
mode, The area of program memory is 16M bytes maximum. 

Both minimum and maximum modes are the data memory area of 16M bytes 
maximum. 

That is, the program memory can locate 0H~FFFFH in minimum mode and can 
locate OH ~ FFFFFFH in maximum mode. 

(1) Internal ROM 

TMP96CM40 has the ROM of 32K bytes. This ROM is located to 80000H-FFFFH. 
After the RESET operation, instruction execution starts from address 8OO0H. 
A part of the internal ROM area (8000H~81FFH) is interrupt entry area. 

(2) Internal RAM 

TMP96CM40 has the RAM of IK bytes. This RAM is located to 80H-47FH. The 
CPU can access the part of RAM (80H~FFH, 128 bytes) with using the short instruction 
code of direct addressing mode. 

(3) Internal I/O devices 

TMP96CM40 uses the address space of 128 bytes for the internal I/O devices area. 
This area is located to 0H-7FH. 

The CPU can access the internal I/O devices area with using the short instruction 
code of direct addressing mode. 

Check the access area of each addressing mode and the memory map in Fig. 3.1. 
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Memory Map 

Figure 3.1 is a memory map of the TMP96CM40. 



00OOO0H 
000080H 

000100H 
000480H 



008000H 
008200H 



010000H 



FFFFFFH 



Internal I/O 
(128-bvle) 



Internal RAM 
(IK-byte) 



Interrupt entry area 
(32entriesx 16 byte) 



Internal ROM 
(3K-byte) 



External memory 
(16M-byte) 



t 

Direct area (n) 
I 



64K-byte area 
(nn) 



16M-byte area 
(R) 
(-R) 
(R + ) 

(R + R8/16) 
(R + d8/16) 
(nnn) 



~\ = Internal area) 



Note : The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the 
system mode side to 100H. 



Figure3.1 Memory map 
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4. ELECTRICAL CHARACTERISTICS 

4.1 Absolute Maximum 



Symbol 


Parameter 


Rating 


Unit 


Vcc 


Power Supply Voltage 


-0.5-6.5 


V 


VIN 


Input Voltage 


-0.5-VCC + 0.5 


V 


2IOL 


Output Current (total) 


100 


mA 


2I0H 


Output Current (total) 


- 100 


mA 


P D 


Power Dissipation (Ta = 85°C ) 


500 


mW 


T SOLDER 


Soldering Temperature (10 s) 


260 


•c 


TSTG 


Storage Temperature 


-65-150 


"C 


TOPR 


Operating Temperature 


-40-85 


°c 



4.2 DC Characteristics 

Vcc = 5V± 10%,TA= -40~85°C (4~16MHz) TA = -20~70°C (4~20MHz) 

(Typical values are for Ta = 25°C and Vcc = 5V) 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 


VIL 
VIL1 

V IL2 

V IL3 
VIL4 


Input Low Voltage (ADO - 1 5) 

P2, P3, P4, P5, P6, VI, P8, P9 

RESET,NMI,INT0(P87) 

EA 

X1 


-0.3 
-0.3 
-0.3 
-0.3 
-0.3 


0.8 

0.3Vcc 

0.25Vcc 

0.3 

0.2Vcc 


V 
V 
V 
V 
V 




V IH 
VIH1 
VIH2 

V IH3 
VIH4 


Input High Voltage (ADO - 1 5) 

P2, P3, P4, P5, P6, P7, P8, P9 

RESET, NMI, INT0(P87) 

EA 

X1 


2.2 

0.7Vcc 
0.75Vcc 
Vcc -0.3 
0.8Vcc 


Vcc + 0.3 
Vcc + 0.3 
Vcc + 0.3 
Vcc + 0.3 
Vcc + 0.3 


V 
V 
V 
V 
V 




VOL 


Output Low Voltage 




0.45 


V 


I OL = 1.6mA 


VOH 

VOH1 

VOH2 


Output High Voltage 


2.4 

0.75Vcc 
0.9Vcc 




V 
V 
V 


I OH = -4O0^A 
IOH= -1O0//A 
IOH= -20//A 


I DAR 


Darlington Drive Current 
(8 Output Pins max.) 


-1.0 


-3.5 


mA 


V EXT = 1.5V 
R EXT = 1.1ka 


I LI 
I LO 


Input Leakage Current 
Output Leakage Current 


0.02 (Typ) 
0.05 (Typ) 


±5 
± 10 


/uA 


0.0=£ Vin^ Vcc 
0.2=SVinsS Vcc -0.2 


I cc 


Operating Current (RUN) 
IDLE 

STOP(Ta= - 20-70 °C) 
STOP(Ta = 0~50°C) 


30 (Typ) 
2.0 (Typ) 
0.2 (Typ) 


TBD 
10 
50 
10 


mA 
mA 

juA 
/uA 


fc = 20MHz 

0.2=S Vin:£ Vcc-0.2 
0.2:5 VinS Vcc-0.2 


VSTOP 


Power Down Voltage 
(@STOP, RAM Back up) 


2.0 


6.0 


V 


V IL2 = 0.2Vcc, 

V IH2 = 0.8Vcc 


R RST 


RESET Pull Up Register 


50 


150 


ka 




C IO 


Pin Capacitance 




10 


pF 


fc=1MHz 


VTH 


Schmitt Width 
RESET, NMI, INTO (P87) 


0.4 


1 -0 (Typ) 


V 




R K 


Pull Down/Up Register 


50 


150 


ka 





Note : I-DAR is guaranteed for a total of up to 8 ports. 
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4.3 AC Electrical Characteristics 



Vcc = 5V±10%,TA= - 40-85 °C (4~16MHz) TA = - 20-70 °C (4~20MHz) 



No. 


Symbol 


Parameter 


Variavle 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


1 


tosc 


Osc. Period ( = x) 


50 


250 


62.5 




50 




ns 


2 


tCLK 


CLK width 


2x-40 




85 




60 




ns 


3 


tAK 


AO-23 Valid-^CLK Hold 


0.5x-20 




11 




5 




ns 


4 


tKA 


CLK Valid— > A0-23 Hold 


1.5X-70 




24 




5 




ns 


5 


tAL 


A0-15 Valid-* ALE fall 


0.5x- 15 




16 




10 




ns 


6 


tLA 


ALE fall->A0-15 Hold 


0.5x- 15 




16 




10 




ns 


7 


tLL 


ALE High width 


x-40 




23 




10 




ns 


8 


tLC 


ALE fall-* RD/WR fall 


0.5x-30 




1 




-5 




ns 


9 


t CL 


RD/WR rise-* ALE rise 


0.5x-20 




11 




5 




ns 


10 


tACL 


A0-1 5 Valid-* l^/WR fall 


x-2'5 




38 




25 




ns 


11 


tACH 


AO-23 Valid-* FTOVR fall 


1.5x-50 




44 




25 




ns 


12 


tCA 


RD/WR rise^ AO-23 Hold 


0.5x-20 




11 




5 




ns 


13 


tADL 


A0-15 Validn>D0-15 input 




3.0x-45 




143 




105 


ns 


14 


tADH 


AO-23 Valid-* D0-1 5 input 




3.5X-65 




154 




110 


ns 


15 


tRD 


RDfall -»D0-15 input 




2.0x-50 




75 




50 


ns 


16 


tRR 


RD Low width 


2.0x-40 




85 




60 




ns 


17 


tHR 


RDrise-* D0-15 Hold 

















ns 


18 


tRAE 


RDrise--* A0-1 5output 


x- 15 




48 




35 




ns 


19 


tww 


WR Low width 


2.0x-40 




85 




60 




ns 


20 


tDW 


D0-15 Valid^WRrise 


2.0X-50 




75 




50 




ns 


21 


tWD 


WRrise -*D0-15 Hold 


0.5x- 10 




21 




15 




ns 


22 


tAEH 


AO-23 Valid-? WAIT input ( 1 « a ™hJ 




3.5x-90 




129 




85 


ns 


23 


tAWL 


A0-15Valid-* WAIT input 0™™ de ) 




3.0x-80 




108 




70 


ns 


24 


tew 


RD/WR fall-*WAIT Hold (VTmLde) 


2.0x + 




125 




100 




ns 


25 


tAPH 


A0-23 Valid-* PORT input 




2.5x- 120 




36 




5 


ns 


26 


tAPH2 


AO-23 Validn> PORT Hold 


2.5X + 50 




206 




175 




ns 


27 


tCP 


WR rise-^ PORT Valid 




200 




200 




200 


ns 


28 


tASRH 


AO-23 Valid-* RAS fall 


1.0x-40 




23 




10 




ns 


29 


tASRL 


A0-1 5 Valid-* RAS fall 


0.5x- 15 




16 




10 




ns 


30 


tRAC 


RAS fall-* DO-15 input 




2.5x-70 




86 




55 


ns 


31 


tRAH 


RASfall->A0-15 Hold 


0.5x-15 




16 




10 




ns 


32 


tRAS 


RAS Low width 


2.0X-40 




85 




60 




ns 


33 


tRP 


RAS High width 


2.0X-40 




85 




60 




ns 


34 


tRSH 


CAS fall-* RAS rise 


1.0x-35 




28 




15 




ns 


35 


tRSC 


RAS rise-* CAS rise 


0.5X-25 




6 









ns 


36 


tRCD 


RAS fall-* CAS fall 


LOx-40 




23 




10 




ns 


37 


tCAC 


CAS fall-* D0-15 input 




1.5X-65 




29 




10 


ns 


38 


tCAS 


CAS Low width 


1.5x-30 




64 




40 




ns 







































































































AC Measuring Conditions 

• Output Level : High 2.2V /Low 0.8V , CL50pF 

(However CL = 1 0OpF for AD0-AD1 5, AD0-AD23, ALE, RD, WR, HWR, R/W, CLK, RAS, CAS0-CAS2) 

• Input Level : High 2.4V /Low 0.45V (AD0-AD15) 

High0.8Vcc /Low0.2Vcc (Except for AD0-AD1 5) 
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(1) Read Cycle 



-tosc - 



X1 



CLK 



AO-23 



CSO-2 



R/W 



WAIT 



Port Input 



RAS 



CASO-2 



RD 



ADO- 15 



ALE 



J V 



f V 



X 



^AX" 



J- 



tASRH" 



-tCLK- 



"tAWH- 
"tAWL" 



"^APH — 
-*APH2- 



*ASRU 



^RCD" 
~~*ADH' 



"tACH" 



"tACL 



& 



•tew- 



< 



AO- 15 



*tAL _ 



J- 



-t LL - 



"tRSH" 
"^RAS" 



-tRAC" 



£~ t C AC" 



"^CAS" 



~tRR~ 



~tRD _ 
~^ADL" 



\ 



"tKA" 



< 



tRSC 



■tCA- 



*HR 



DO- 15 



*-tCL" 



^RAE" 



>--<: 
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(2) Write Cycle 



X1 



CLK 



AO-23 



CSO-2 



R/W 



WAIT 



Port Output 



RAS 



CASO-2 



WR, HWR 



ADO-15 



J \ / V 



x 



X 



< 



IS. 



\ L 



X 

t 



X 



X 



V 



t C p 



AO- 15 



"tww 

DO-15 



ALE 



y 
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4.4 A/D Conversion Characteristics 



Vcc = 5V± 10%,TA= -40~85'C (4~16MHz) TA= - 20~70'C (4~20MHz) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vref. 


Analog reference voltage 


Vcc- 1.5 




Vcc 


V 


A GND 


Analog reference voltage 


Vss 




Vss 


V AIN 


Analog input voltage range 


Vss 




Vcc 


Iref 


Anlog current for analog reference voltage 




0.5 


1.5 


mA 


Total error 
(Quantize error 
of ±0.5LSBnot 
included) 


4SfcS 16MHz 


Low change mode 




± 1.5 


+ 4.0 


LSB 


High change mode 




±3.0 


+ 6.0 


16<fcS20MHz 


Low change mode 




±1.5 


+ 4.0 


High change mode 




±4.0 


+ 8.0 



4.5 Serial Channel Timing - I/O Interface Mode 

(1) SCLK Input Mode Vcc = 5V + 10%,TA= -40~85°C (4~16MHz) TA= -20~70°C (4~20MHz) 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tSCY 


SCLK cycle 


16X 




1 




0.8 






toss 


Output Data — * Rising edge of SCLK 


t SC Y/2-5X-50 




137 




100 




ns 


tOHS 


SCLK rising edge-* Output Data hold 


5X- 100 




212 




150 




ns 


tHSR 


SCLK rising edge-* Input Data hold 

















ns 


"tSRD 


SCLK rising edge-* effective data input 




t SCY -5X- 100 




587 




450 


ns 



(2) SCLK Output Mode Vcc = 5V± 10%,TA= -40~85°C (4~16MHz) TA= -20~70°C (4~20MHz) 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tSCY 


SCLK cycle (programmable) 


16X 


8192X 


1 


512 


0.8 


409.6 


f& 


"toss 


Output Data -*SCLK rising edge 


t SCY -2X- 150 




725 




550 




ns 


tOHS 


SCLK rising edge-* Output Data hold 


2X-80 




45 




20 




ns 


^HSR 


SCLK rising edge-* Input Data hold 

















ns 


t$RD 


SCLK rising edge—* effective data input 




t SCY -2X-150 




725 




550 


ns 



4.6 Timer/Counter Input Clock (TI0, TI4, TI5, TI6, TI7) 

Vcc = 5V± 10%,TA= - 40-85 °C (4~16MHz) TA = - 20~70°C (4~20MHz) 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 




Clock Cycle 


8X+ 100 




600 




500 




ns 


tvCKL 


Low level clock Pulse width 


4X + 40 




290 




240 




ns 


tvCKH 


High level clock Pulse width 


4X + 40 




290 




240 




ns 



4.7 Interrupt Operation 

Vcc = 5V± 10%,TA= -40~85'C (4~16MHz) TA = -20~70°C (4~20MHz) 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tlNTAL 


NMI, INTO Low level Pulse width 


4X 




250 




200 




ns 


t|NTAH 


NMI, INTO High level Pulse width 


4X 




250 




200 




ns 


tlNTBL 


INT4~INT7 Low level Pulse width 


8X + 100 




600 




500 




ns 


tlNTBH 


INT4-INT7 High level Pulse width 


8X+ 100 




600 




500 




ns 
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4.8 Timing Chart for I/O Interface Mode 



J 



r 



X 



X 



X 



< 



Q 

< 
> 

X 



X 



< 

I— 

< 

DO 
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4.9 Timing Chart for Bus Request (BUSRQ) / Bus Acknowledge (BUSAK) 



CLK 



BUSRQ 



BUSAK 



(Note 1) 



tBRC 



tCBAL 



AD0-AD1 5, A0-A23, 
CS0- CS2, R/W, RAS, 
CAS0-CAS2 



RD, WR, HWR 



ALE 



7 



■tBRC 



>^tABA jN° te2 )_ ^ c 

(Note 3) 



■ tCBAH 



\ (Note 3) 



tBAA 



n. 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


^BRC 


BUSRQ set-up time for CLK 


120 




120 




120 




ns 


tCBAL 


CLK— » BUSAK falling edge 




1.5x+ 120 




214 




195 


ns 


tCBAH 


CLK— » BUSAK rising edge 




0.5x + 40 




71 




65 


ns 


*ABA 


Output Buffer is off to BUSAK 





80 





80 





80 


ns 


^BAA 


BUSAK _| to Output Buffer is on. 





80 





80 





80 


ns 



Note 1 : The Bus will be released after the WAIT request is inactive, when the 

BUSRQ is set to "0" during "Wait" cycle. 
Note 2 : This line only shows the output buffer is off-state. 

They don't indicate the signal level is fixed. 

After the bus is released, the signal level is kept dynamically before the bus 
is released by the external capacitance. 

Therefore, to fix the signal level by an external resistance under the bus is 
releasing, the design must be carefully because of the level-fix will be 
delayed. 

The internal programmable pull-up/pull-down resistance is switched 
active/non-active by the internal signal. 
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4.10 Typical characteristics 

Vcc = 5 V, Ta = 25°C unless other wise noted. 




Figure 5.1 Vcc - fosc TYPICAL CURVE 



fosc(MHz) 



lcc(mA) 




Figure 5.3 lcc-V C c TYPICAL CURVE Vcc(v) 



5 10 15 20 

Figure 5.2 f sc - Ice TYPICAL CURVE 



25 

fosc (MHz) 




Vqut (V) 



-40 




3 4 5 Vqut(V) loH(mA) 

Figure 5.4 Vqut - 'OL TYPICAL CURVE Figure 5.5 Vqut - 'OH TYPICAL CURVE 
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5.TMP96C141/TMP96CM40/TMP96PM40 Different points 

TMP96C141/TMP96CM40/TMP96PM40 have much the same function but they are 
different from following points. 



Parameter 


TMP96C141 


TMP96CM40 


TMP96PM40 


Interrnal ROM 


Not exist 


Mask ROM32 Kbyte 


PROM32K byte 


POO to P07, 
ADO to AD7 


Only ADO to AD7 


After reset P00-P07 


P10to P17, 
AD8 to AD1 5, 
A8to A15 


OnlyAD8to AD15 


After reset P10-P17 


P30, RD 


Only RD 


After reset P30 


P31, WR 


Only WR 


After reset P31 


P92,CTS0, SCLKO 




rMP96C141 does not 
have the SCLKO 

function. 
Serial channel 
does not have the 
I/O interface mode._ 


TIV 
he 


P96CM40/TMP96PM4 
ive the SCLKO functior 

Serial channel 
have the I/O 
interface mode. 



l. 
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CMOS 16-bit MICROCONTROLLERS 
TMP96PM40F 
1. OUTLINE AND DEVICE CHARACTERISTICS 

TMP96PM40F is high-speed advanced 16-bit microcontrollers developed for 
controlling medium to large-scale equipment. The TMP96C141 does not have a ROM, 
the TMP96CM40F has a built-in ROM of 32K-byte, and the TMP96PM40 has a built-in 
OTPof32K-byte. 

It is possible to do write / verify of program data with using a adapter socket and 
general purpose EPROM writer (TC571000 mode). 

TMP96PM40 is pin compatible with TMP96CM40 (mask ROM type). 
TMP96CM40F is housed in an 80-pin flat package. 



Product name 


ROM 


RAM 


Package 


Adapter socket 
name 


TMP96PM40F 


OTP type 
32Kx8bit 


1Kx8bit 


80-FP 


BM1139A 
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(ANO) P50 ■ 
(AN1)P51 ■ 
(AN2) P52 ■ 
(AN3) P53 
VREF ■ 
AGND- 



(TXDO) P90 
( RXDO ) P91 
(SCLKO/CTSO) P92 ' 

(TXD1) P93 ■ 
(RXD1) P94 ■ 
(SCLK1) P95- 



(PG 00) P60 
(PG 01) P61 
(PG 02) P62 
(PG 03) P63 
(PG 10) P64 
(PG 11) P65 
(PG 12) P66 
(PG 13) P67 



(TIO) P70- 
(T01) P71- 

(T02) P72- 
(T03) P73- 



(INT4/TI4) P80- 
(INT5/TI5) P81 - 
(T04) P82 - 
(T05) P83 - 

(INT6/TI6) P84- 
(INT7/TI7) P85- 
(T06) P86- 

(INTO) P87- 



1 0-BIT 4CH 

A/D 
CONVERTER 



SERIAL I/O 
(CH.O) 



SERIAL I/O 
(CH.1) 



PATTERN 
GENERATOR 
(CH.O) 



PATTERN 
GENERATOR 
(CH.1) 



8BIT TIMER 
(TIMER 0) 



8BIT TIMER 
(TIMER 1) 



8BITPWM 
(TIMER 2) 



8BIT PWM 
(TIMER 3) 



16BIT TIMER 
(TIMER 4) 



16BIT TIMER 
(TIMER 5) 



CPU 




OSC 



INTERRUPT 
CONTROLLER 



WATCH-DOG 
TIMER 



PORTO 



PORT 1 



PORT 2 



32KB PROM 



PORT 3 



VCC [2] 
• VSS [3] 

X1 
X2 



-P00-P07 
(AD0-AD7) 



-P10~P17 

(AD8~AD15/A8~A15) 



-P20-P27 
(A0-A7/A16-A23) 




TMP96PM40 is added to SCLK0 function. 
(TMP96C141 does not have this function.) 



Figurel TMP96PM40 Block Diagram 
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2. PIN ASSIGNMENT AND FUNCTIONS 

The assignment of input / output pins for TMP96PM40, their name and outline 
functions are described below. 

2.1 Pin Assignment 

Figure 2.1 shows pin assignment of TMP96PM40F. 



(AN0)P50 
(AN1)P51 
(AN2)P52 
(AN3)P53 
VCC 
VREF 
AGND 
VSS 

(PG00)P60 
(PG01)P61 
(PG02)P62 
(PG03)P63 
(PG10)P64 
(PG11)P65 
(PG12)P66 
(PG13)P67 
(TI0)P70 
(T01)P71 
(T02)P72 
(T03)P73 
(INT4/TI4)P80 
(INT5/TI5)P81 
(T04)P82 
(T05)P83 
(INT6/TI6)P84 
(INT7/TI7)P85 
(T06)P86 
(INT0)P87 
NMT 



WDTOUT 



RESET 
CLK 



VSS 
X1 
X2 
EA 

(TXD0)P90 
(RXD0)P91 
(SCLK0/CTS0)P92 
(TXD1)P93 



73- 
74- 
75- 
76- 
77- 
78- 
79- 
80- 



i-C 

3-t 

5-E 
6^ 
7^ 

8- C 

9- C 

10— C 

11— £ 

12- C 

13- C 

14— £ 

15- h: 

17— C 

18— C 

19— C 

20— £ 

21— C 

22— £ 

23— £ 

24— C 



-72 
-71 
-70 
-69 
-68 
-67 
-66 
-65 



Top View 
QFP80 



25- 
26- 
27- 
28- 
29- 
30- 
31- 
32- 



uuuuuuuuuuuuuu 



J-64 
>-63 

>61 

J-60 
>59 
>58 
>57 
^56 
U— 55 

IK54 
>53 
^52 
>51 
>50 
J-49 
J- 48 
J-47 
Ih46 
D-45 
3—44 

Zh« 
>42 
H— 41 



-40 
-39 
-38 
-37 
-36 
-35 
-34 
-33 



P42(CS2/CAS2) 

P4K CS1/CAS1 ) 

P40(CSO/CASO) 

P37(RAS) 

P36( R/W) 

P35(BUSAK) 

P34(BUSRQ) 

P33(WAIT) 

P32(HWR) 

P31(WR) 

P30(RD) 

P27(A7/A23) 

P26(A6/A22) 

P25(A5/A21) 

P24(A4/A20) 

P23(A3/A19) 

P22(A2/A18) 

P21(A1/A17) 

P20(A0/A16) 

VSS 

P17(AD15/A15) 

P16(AD14/A14) 

P15(AD13/A13) 

P14(AD12/A12) 

P13(AD11/A11) 

P12(AD10/A10) 

P11(AD9/A9) 

P10(AD8/A8) 

P07(AD7) 

P06(AD6) 

P05(AD5) 

P04(AD4) 

P03(AD3) 

P02(AD2) 

P01(AD1) 

P00(AD0) 

VCC 

ALE 

P95(SCLK1) 
P94(RXD1) 



Note : Because the TMP96C141 has an external ROM, POO to P17 pins are fixed to ADO to AD15; P30 to RD; and P31 to WR. 
: TMP96PM40 is added to SCLK0 function. (TMP96C141 does not have this function.) 



Figure 2.1 Pin Assignment (80-pin QFP) 



MCU900-249 



TOSHIBA 



TMP96PM40 



2.2 Pin Names and Functions 

TMP96PM40 has MCU mode and PROM mode. 

The names of input/output pins and their functions are described below. 
(1) MCU mode 



Table 2.2 (1) Pin Names and Functions. 



Pin name 


Number 
of pins 


I/O 


Functions 


P00-P07 
AD0~AD7 


8 


I/O 

Tri -state 


Port 0: I/O port that allows I/O to be selected on a bit basis 
Address/data (lower): - 7 for address/data bus 


P10-P17 

AD8~AD15 

A8-A15 


8 


I/O 

Tri-state 
Output 


Port 1 : I/O port that allows I/O to be selected on a bit basis 
Address data (upper): 8- 15 for address/data bus 
Address: 8 to 15 for address bus 


P20-P27 

A0-A7 
A16-A23 


8 


I/O 

Output 
Output 


Port 2: I/O port that allows selection of I/O on a bit basis 
(with pull-down resistor) 
Address: - 7 for address bus 
Address: 16 - 23 for address bus 


P30 
RD 


1 


Output 
Output 


Port 30: Output port 

Read: Strobe signal for reading external memory 


P31 
WR 


1 


Output 
Output 


Port 31: Output port 

Write: Strobe signal for writing data on pins ADO - 7 


P32 
HWR 


1 


I/O 
Output 


Port 32: I/O port (with pull-up resistor) 

High write: Strobe signal for writing data on pins AD8 - 15 


P33 
WAIT 


1 


I/O 
Input 


Port 33: I/O port (with pull-up resistor) 
Wait: Pin used to request CPU bus wait 


P34 
BUSRQ 


1 


I/O 
Input 


Port34: I/O port (with pull-up resistor) 

Bus request: Signal used to requesthigh impedance for ADO- 15, 
AO - 23, RD, WR,HWR, R/W, RAS, CSO, CS1 , and CS2 pins. 
(For external DMAC) 


P35 
BUSAK 


1 


I/O 
Output 


Port 35: I/O port (with pull-up resistor) 

Bus acknowledge: Signal indicating that AD0-1 5, AO-23, RD, 
WR,HWR, R/W, RAS, CSO, CS1, and CS2 pins are at high impedance 
after receiving BUSRQ. (For external DMAC) 


P36 

R/W 


1 


I/O 
Output 


Port 36: I/O port (with pull-up resistor) 

Read/write: 1 represents read or dummy cycle; 0, write cycle. 


P37 
RAS 


1 


I/O 
Output 


Port 37: I/O port (with pull-up resistor) 

Row address strobe: Outputs RAS strobe for DRAM. 


P40 
CSO 

CASO 


1 


I/O 
Output 

Output 


Port 40: I/O port (with pull-up resistor) 

Chip select 0: Outputs when address is within specified address 
area. 

Column address strobe 0: Outputs CAS strobe for DRAM when 
address is within specified address area. 



Note : With the external DMA controller, this device's built-in memory or built-in I/O cannot be 
accessed using the BUSRQ and BUSAK pins. 
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Pin name 


Number 
of pins 


I/O 


Functions 


P41 
CST 
CAS1 


1 


I/O 
Output 
Output 


Port 41 : I/O port (with pull-up resistor) 

Chip select 1 : Outputs if address is within specified address area. 
Column address strobe 1 : Outputs CAS strobe for DRAM if address 
is within specified address area. 


P42 
CS2 
CAS2 


1 


I/O 
Output 
Output 


Port 42: I/O port (with pull-down resistor) (Notel) 
Chip select 2: Outputs if address is within specified address area. 
Column address strobe 2: Outputs CAS strobe for DRAM if address 
is within specified address area. 


P50-P53 
AN0-AN3 


4 


Input 
Input 


Port 5: Input port 

Analog input: Input to A/D converter 


VREF 


1 


Input 


Pin for reference voltage input to A/D converter 


AGND 


1 


Input 


Ground pin for A/D converter 


P60-P63 
PG00-PG03 


4 


I/O 
Output 


Ports 60-63: I/O ports that allow selection of I/O on a bit basis 

(with pull-up resistor) 

Pattern generator ports: 00-03 


P64-P67 
PG10-PG13 


4 


I/O 
Output 


Ports 64-67: I/O ports that allow selection of I/O on a bit basis 

(with pull-up resistor) 

Pattern generator ports: 10-13 


P70 
TIO 


1 


I/O 
Input 


Port 70: I/O port (with pull-up resistor) 
Timer inputO: TimerO input 


P71 
T01 


1 


I/O 
Output 


Port 71 : I/O port (with pull-up resistor) 
Timer output 1 : Timer or 1 output 


P72 
TO 2 


1 


I/O 
Output 


Port72: I/O port (with pull-up resistor) 
PWM output 2: 8-bit PWM timer 2 output 


P73 
T03 


1 


I/O 
Output 


Port 73: I/O port (with pull-up resistor) 
PWM output 3: 8-bit PWM timer 3 output 


P80 
TI4 
INT4 


1 


I/O 
Input 
Input 


Port 80: I/O port (with pull-up resistor) 
Timer input 4: Timer 4 count/capture trigger signal input 
Interrupt request pin 4: Interrupt request pin with programmable 
rising/falling edge 


P81 
TI5 
INT5 


1 


I/O 
Input 
Input 


Port 81 : I/O port (with pull-up resistor) 

Timerinput5: Timer 4 count/capture trigger signal input 

Interrupt request pin 5: Interrupt request pin with rising edge 


P82 
T04 


1 


I/O 
Output 


Port 82: I/O port (with pull-up resistor) 
Timer output4: Timer4outputpin 


P83 
TO 5 


1 


I/O 
Output 


Port 83: I/O port (with pull-up resistor) 
Timer output 5: Timer 4 output pin 



Note 1 : Case of the settable CS2 or CAS2; when TMP96PM40F is bus release, this pin is not added 
the internal pull-down resistor but is added the internal pull-up resistor. 
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Pin name 


Number 


I/O 


Functions 


P84 
TI6 
INT6 


1 


I/O 
Input 
Input 


Port 84: I/O port (with pull-up resistor) 
Timer input 6: Timer 5 count/capture trigger signal input 
Interrupt request pin 6: Interrupt request pin with 
programmable rising/falling edge 


P85 
TI7 
INT7 




I/O 
Input 
I n put 


Port 85: I/O port (with pull-up resistor) 

Timer input 7: Timer 5 count/capture trigger signal input 

In+prrunt rpniipcf nin 7* Intprrimt rpnnpct nin \A/i+h riQinn orlnp 

1 1 1 tC 1 1 U|Jl 1 C^jUCjl (Jill /. Ill LC 1 1 U |J I ICUUCjI pill VV 1 LI 1 1 1 )ll 1 U Cvl y " 


P86 
T06 


1 


I/O 

Outnut 


Port 86: I/O port (with pull-up resistor) 

Ti m o r rw i+m 1+ • "Ti m or ^ r» 1 1+ m i+ nin 

IIIIICI U li L.L/U l U • IIIIICI J UUIUUI [Jill 


P87 
INTO 




I/O 
Input 


Port 87: I/O port (with pull-up resistor) 

Interrupt request pin 0: Interrupt request pin with 

nrAfirammahlo Ipvol/ricinn orlno 
pi uyi cm iiiiauic i c v e 1/ 1 1 ji 1 1 y cuyc 


P90 
TXDO 


1 


I/O 


Port 90: I/O port (with pull-up resistor) 

^orial conrl Hii+a 
jtr 1 1 a 1 jC 1 IvJ \J a La \J 


P91 
RXDO 




I/O 
I n put 


Port 91 : I/O port (with pull-up resistor) 

^ptiaI rprpi\/p rtatA fl 


P92 

CTSO 

SCLKO 


1 


I/O 
In put 
I/O 


Port 92: I/O port (with pull-up resistor) 
Seridi dstd send enable (Clesr to Send) 
Serial clock I/O 


P93 
TXD1 


1 


I/O 
Output 


Port 93: I/O port (with pull-up resistor) 
Serial send data 1 


P94 
RXD1 


1 


I/O 
Input 


Port 94: I/O port (with pull-up resistor) 
Serial receive data 1 


P95 
SCLK1 


1 


I/O 
I/O 


Port 95: I/O port (with pull-up resistor) 
Serial clock I/O 1 


WDTOUT 


1 


Output 


Watchdog timer output pin 


NMT 


1 


Input 


Non-maskable interrupt request pin: Interrupt request pin with 
falling edge. Can also be operated at rising edge by program. 


CLK 




Output 


Clock output: Outputs fX1v4j clock. Pulled-up during reset. 


CM 





Input 


Lxierriai access, u snouio dg inpuxxeQ wixn i iviryov- 1 *+ 1 . 
1 , with TMP96CM40 /TMP96PM40. 


ALE 




Output 


Address latch enable 


RESET 




Input 


Reset: Initializes LSI. (With pull-up resistor) 


X1/X2 


2 


I/O 


Oscillator connecting pin 


VCC 


2 




Power supply pin ( + 5V) 


VSS 


3 




GND pin (0V) 



Note : Pull-up/pull-down resistor can be released from the pin by software (except the reset pin). 
: TMP96PM40 is added to SCLKO function. (TMP96C141 does not have this function.) 
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(2) PROMmode 



Table 2.2 (2) Name and function of PROM mode 



Pin function 


Pin number 


Input/ 
uuxpux 


Function 


Pin name (MCU mode) 


M / MU 


Q 


1 n put 


Memory 3ddress of progrsm 




A I D MO 


Q 


input 


pi 7 pi n 


A 1 Pi 
M I O 


1 
I 


1 n p ut 


r jj 


D7-D0 


8 


I/O 


Memory data of pfogram 


P07-P00 


CE 


1 


Input 


Chip enable 


P32 


OE 


1 


Input 


Output control 


P30 


PGM 


1 


Input 


Program control 


P31 


VPP 


1 


Power 
supply 


1 2.75V/5V (Power supply of program) 


EA 


VCC 


2 


Power 
supply 


6.25V/5V 


VCC 


VSS 


3 


Power 
supply 


OV 


VSS 


Pin function 


Pin number 


Input/ 
Output 


Disposal of pin 


P34 






Fix to low level (security pin) 






I n p ut 


Fix to low level (PROM mode) 


CLK 




Input 


ALE 




Output 


Open 


X1 




Input 


Crystal 


X2 




Output 


P95-P94, 

VREF 


3 


Input 


Fix to high level 


AGND 


1 


Input 


OV 


P37-P35 
P42-P40 
P53-P50 
P67-P60 
P73-P70 
P87-P80 
NMI, 

WDTOUT 
P93-P90 


36 


I/O 


open 
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3. OPERATION 

This section describes the hardware and basic operation of TMP96PM40 device. 
TMP96PM40 is exchanged mask ROM of TMP96CM40 for PROM. The other 
specifications and functions are the same as TMP96CM40. 

Check the \ 7. Care Points and Restriction of TMP96C141 J because of the Care 
described. Regarding the function of TMP96PM40 (not described), see the part of 
TMP96C141. 

3.1 MCUmode 

(1) Mode-setting and function 

The MCU mode is set by opening the CLK pin (Output status). 
In the MCU mode, the operation is same as that of TMP96CM40. 

(2) Memory Map 

The memory map of TMP96PM40 is same as that of TMP96CM40. 
Figure 3.1 shows the memory map of TMP96PM40, and the accessing area by the 
respective addressing mode. 
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Memory Map 

Figure 3.1 is a memory map of the TMP96CM40. 



Internal I/O 
(128-b vte) 



Internal RAM 
OK-byte) 



Interrupt entry area 
(32ent riesx 1 Gbyte) 



Internal ROM 
(3K-byte) 



External memory 
(16M-byte) 



t 

Direct area (n) 
i 



64K-byte area 
(nn) 



16M-byte area 
(R) 
(-R) 
(R + ) 

(R + R8/16) 
(R + d8/16) 
(nnn) 



( | | = Internal area) 



Note : The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the 
system mode side to 100H. 



Figure3.1 Memory map 
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3.2 PROM Mode 

(1) Mode setting and Function 



PROM mode is set by setting the RESET and CLK pins to the "L" level. The 
programming and verification for the internal PROM is achieved by using a general 
EPROM programmer with the adaptor socket. The device selection (ROM Type) use 
following conditions. (Set ROM type to TC571000D) 

Size: 1Mbit (128KX8bit) VPP : 12.75V TPW: 0.1ms 

Figure 3.2 shows the setting of pins PROM mode. 



VPP (1 2.75V /5V) 

t . 



A16 

S 

AO 



n 



EA 



P33 
P17 
S 

P10 
P27 
S 

P20 
X1 

X2 
VSS 
AGND 



vcc 

P30 
P32 
P31 

P07 
S 

POO 

RESET 
CLK 



P95 
P94 
P34 



J 



VCC 
OE 

cT 

PGM 



777 



5 VCC 



* UsethelOMHz 
resonator in case of 
programming and 
verification by a general 
EPROM programmer. 



SECURITY 



Figure 3.2 PROM Mode Pin Setting 
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(2) Programming Flow Chart 

The programming mode is set by applying 12.5V (programming voltage) to the VPP 
pin when the following pins are set as follows, 
(VCC :6.25V, RESET : "L" level, CLK : "L" level). 

After the address and data have been fixed, the data on the Data Bus is programmed 

when the CE pin is set to "L" level (0.1ms pulse is required). 

General programming procedure of an EPROM programmer is as follows, 

• Write a data to a specified address for 0.1ms. 

• Verify the data. If the readout data does not match the expected data, another 
writing is performed until the correct data is written (Max. 25 times). 

Then, verify the data and increment the address. 

The verification for all data is done under the condition of Vpp = Vcc = 5 after all data 
were written. 

Figure 3.3 shows the programming flow chart. 
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High Speed Program Writing. 
Flow chart 



START 



Vcc = 
Vpp = 


6.25V ± 0.25V 
12.75V ± 0.25V 




ADDRESS 


= START ADDRESS 



x = o 



PROGRAM 0.1ms PULSE 



X = X+ 1 




Figure 3.3 Flowchart 
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(3) Security Bit 

The TMP96PM40 has a Security Bit in PROM cell. 
If The Security Bit is programmed to "0", the content of the PROM is disable to be read 
in PROM mode. 



How to program the Security Bit. 

1) Set the PROM mode. 

2) Set the security pin (Port34) to "1". 

3) Set programming address to "000000H". 

4) Set programming data to "FEH". 
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4. ELECTRICAL CHARACTERISTICS 

4.1 Absolute Maximum 



Symbol 


Parameter 


Rating 


Unit 


Vcc 


Power Supply voltage 


-0.5-6.5 


V 


VIN 


Input voltage 


-0.5~Vcc + 0.5 


V 


2IOL 


Output Current (total) 


100 


mA 


2IOH 


Output Current (total) 


- 100 


mA 


PD 


Power Dissipation (Ta = 70 °C ) 


500 


mW 


T SOLDER 


Soldering Temperature (10 s) 


260 


°C 


TSTG 


Storage temperature 


-65-150 


°C 


TOPR 


Operating temperature 


-40-85 


°C 



4.2 DC Characteristics 

Vcc = 5V+ 10%,TA= -20~70°C (4~20MHz) TA = -40~85°C (4~16MHz) 

(Typical values are for Ta = 25°C and Vcc = 5V.) 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Condition 


VIL 

VIL1 

VIL2 

VIL3 

VIL4 


Input Low Voltage (ADO - 1 5) 

P2, P3, P4, P5, P6, P7, P8, P9 

RESET,NMI,INT0(P87) 

EA 

X1 


-0.3 
-0.3 
-0.3 
-0.3 
-0.3 


0.8 

0.3Vcc 

0.25Vcc 

0.3 

0.2Vcc 


V 
V 
V 
V 
V 




VIH 

VIH1 

VIH2 

VIH3 

VIH4 


Input High Voltage (ADO - 15) 

P2, P3, P4, P5, P6, P7, P8, P9 

RESET, NMI, INTO (P87) 

EA 

X1 


2.2 

0.7Vcc 
0.75Vcc 
Vcc -0.3 
0.8Vcc 


Vcc + 0.3 
Vcc + 0.3 
Vcc + 0.3 
Vcc + 0.3 
Vcc + 0.3 


V 
V 
V 
V 
V 




VOL 


Output Low Voltage 




0.45 


V 


I OL= 1.6mA 


VOH 

VOH1 

VOH2 


Output High Voltage 


2.4 

0.75Vcc 
0.9Vcc 




V 
V 
V 


IOH=-400,"A 
IOH= -100//A 
IOH= -20//A 


I DAR 


Darlington Drive Current 
(8 Output Pins max.) 


-1.0 


-3.5 


mA 


V EXT = 1.5V 
R EXT= 1.1kn 


I LI 
I LO 


Input Leakage Current 
Output Leakage Current 


0.02 (Typ) 
0.05 (Typ) 


±5 
± 10 


/uA 
M A 


0.0:5 Vin2 Vcc 

0.2 2 Vin=£ Vcc -0.2 


Ice 


Operating Current (RUN) 
IDLE 

STOP(Ta= -20~70°C) 
STOP(Ta=0~50°C) 


30 (Typ) 
2.0 (Typ) 
0.2 (Typ) 


60 
10 
50 
10 


mA 
mA 


fc = 20MHz 

0.2 2 Vin 2 Vcc -0.2 
0.2 2 Vin 2 Vcc -0.2 


VSTOP 


Power Down Voltage 
(@STOP, RAM Backup) 


2.0 


6.0 


V 


VIL2 = 0.2Vcc, 
VIH2 = 0.8Vcc 


R RST 


RESET Pull UpRegistor 


50 


150 


ki 




CIO 


Pin Capacitance 




10 


PF 


fc = 1MHz 


VTH 


Schmitt Width 
RESET, NMI, INTO (P87) 


0.4 


1.0 (Typ) 


V 




R K 


Pull Down/Up Registor 


50 


150 


ki 





Note : I- DAR is guaranteed for a total of up to 8 ports. 
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4.3 AC Electrical Characteristics 



Vcc = 5V ± 10% TA = -40~85°C(4~16MHz), TA = - 20~70°C (4~20MHz) 



No. 


Symbol 


Paramerer 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


1 


tosc 


Osc. Period ( = x) 


50 


250 


62.5 




50 




ns 


2 


tCLK 


CLK width 


2x-40 




85 




60 




ns 


3 


tAK 


AO-23 ValidH>CLK Hold 


0.5X-20 




11 




5 




ns 


4 


tKA 


CLK Valid^> AO-23 Hold 


1.5x-70 




24 




5 




ns 


5 


tAL 


A0-15 Valid-n> ALE fall 


0.5x-15 




16 




10 




ns 


6 


tLA 


ALE fall-*A0-15 Hold 


0.5x- 15 




16 




10 




ns 


7 


tLL 


ALE High width 


x-40 




23 




10 




ns 


8 


tLC 


ALE fall-H> RD/WR fall 


0.5x-30 




1 




-5 




ns 


9 


tCL 


RD/WR rise-* ALE rise 


0.5x-20 




11 




5 




ns 


10 


tACL 


A0-15 Valid-> RD/WR fall 


x-25 




38 




25 




ns 


1 1 


tACH 


AO-23 Valid-* FTdTWR fall 


1.5x-50 




44 




25 




ns 


12 


tCA 


M/WR risen* AO-23 Hold 


0.5x-20 




11 




5 




ns 


13 


tADL* 


A0-15 Valid^DO-15 input 




3.0x-55 




133 




95 


ns 


14 


tADH 


AO-23 Valid-* DO- 1 5 input 




3.5x-65 




154 




110 


ns 


15 


tRD 


RDfall -*D0-15 input 




2.0x-50 




75 




50 


ns 


16 


tRR 


RD Low width 


2.0x-40 




85 




60 




ns 


17 


tHR 


RDrise^D0-15 Hold 

















ns 


18 


tRAE 


RDrisen* A0-15output 


x-15 




48 




35 




ns 


19 


tww 


WR Low width 


2.0x-40 




85 




60 




ns 


20 


tDW 


D0-15 Valid-* WRrise 


2.0x-50 




75 




50 




ns 


21 


tWD 


WRrise ->D0-15 Hold 


0.5x- 10 




21 




15 




ns 


22 


tAEH 


AO-23 Valid^ WAIT input(™ nHp ) 




3.5x-90 




129 




85 


ns 


23 


tAWL 


A0-15Valid-* WAIT input (V^hJ 




3.0x-80 




108 




70 


ns 


24 


tew 


RD/WR fall--*WAIT Hold (VKmode) 


2.0x + 




125 




100 




ns 


25 


tAPH 


AO-23 Valid-* PORT input 




2.5x- 120 




36 




5 


ns 


26 


tAPH2 


AO-23 Valid-* PORT Hold 


2.5x + 50 




206 




175 




ns 


27 


tCP 


WR rise-* PORT Valid 




200 




200 




200 


ns 


28 


tASRH 


AO-23 Valid-^RAS fall 


1.0x-40 




23 




10 




ns 


29 


tASRL 


A0-15 Valid-^RASfall 


0.5x-15 




16 




10 




ns 


30 


tRAC 


RASfall^D0-15 input 




2.5X-70 




86 




55 


ns 


31 


tRAH 


RAS fall-* AO-15 Hold 


0.5x-15 




16 




10 




ns 


32 


tRAS 


RAS Low width 


2.0x-40 




85 




60 




ns 


33 


tRP 


RAS High width 


2.0X-40 




85 




60 




ns 


34 


tRSH 


CAS fall-* RAS rise 


1.0x-35 




28 




15 




ns 


35 


tRSC 


RAS rise^ CAS rise 


0.5x-25 




6 









ns 


36 


tRCD 


RAS fall-* CAS fall 


1.0x-40 




23 




10 




ns 


37 


tCAC 


CASfalln* DO-15 input 




1.5x-65 




29 




10 


ns 


38 


tCAS 


CAS Low width 


1.5x-30 




64 




40 




ns 































































t ADL value is different from TMP96C141/TMP96CM40. 



AC Measuring Conditions 

• Output Level : High 2.2V /Low 0.8V ,CL50pF 

(However CL = 100pF for AD0-AD1 5, AD0-AD23, ALE, RD, WR, HVVR, R/W, CLK, RAS, GOS0~CAS2) 

• Input Level : High 2.4V /Low 0.45V (AD0-AD15) 

High0.8Vcc /Low0.2Vcc (Except for AD0-AD1 5) 
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(1) Read Cycle 



-tosc 



-**AIC 



"tASRH" 



-tCLK- 



"tAWH" 
"tAWL" 



3t 



^APH - 
-*APH2- 



tASRL 



*^rcd- 

tADH" 



"tACH" 



"^ACL" 



iLCI 



X 



"tKA" 



•tew- 

\ a 



AO- 15 



*tAL" 



-t L L" 



*-tLA" 



"tRSH" 
"^RAS" 



-tRAC" 



^CAC 



-tCAS" 



~tRR~ 



tRD~ 
•tADL" 



5> l AUL 



tRSC 



J 

if 



X 



-t R p- 



tCA" 



rtRAE" 



DO- 15 
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(2) Write Cycle 



X1 



CLK 



AO-23 



CSO-2 



R/W 



JT~\ 



3C 



WAIT 



Port Output 



RAS 



CASO-2 



WR, HWR 



ADO-15 _ 



ALE 



X 



— "< 



J 



\ 



x 



x 



^ L 



X 



AO- 15 



X 



-tww 



DO-15 



/ 



tWD 



> 
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4.4 A/D Conversion Characteristics 

Vcc = 5V±10% TA= -40-85 °C (4-1 6M Hz) TA =- 20-70 °C (4~20MHz) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vref 


Analog reference voltage 


Vcc- 1.5 




Vcc 


V 


Agnd 


Analog reference voltage 


Vss 




Vss 


Vain 


Analog input voltage range 


Vss 




Vcc 


■ref 


Anlog current for analog reference voltage 




0.5 


1.5 


mA 


Total 

error(Quantize 
error of ± 0.5 
LSB not 
included) 


4£fcS 16MHz 


Low change mode 




± 1.5 


±4.0 


LSB 


High change mode 




±3.0 


±6.0 


16<fcS 20MHz 


Low change mode 




± 1.5 


±4.0 


High change mode 




+ 4.0 


±8.0 



4.5 Serial Channel Timing - I/O Interface Mode 
(1) SCLK Input Mode Vcc = 5V± 10% TA = -40-85 °C (4-1 6M Hz) TA =- 20-70 °C (4-20M Hz) 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tSCY 


SCLK cycle 


16X 




1 




0.8 




^ 


toss 


Output Data -» Rising edge of SCLK 


t SC Y/2-5X-50 




137 




100 




ns 


tfJHS 


SCLK rising edge-* Output Data hold 


5X- 100 




212 




150 




ns 


tfHSR 


SCLK rising edge-* Input Data hold 

















ns 


tSRD 


SCLK rising edge-* effective data input 




t SCY -5X- 100 




587 




450 


ns 


(2) SCLK Output Mode Vcc = 5V± 10% TA = -40-85 °C (4~16MHz) TA =- 20-70 °C (4~20MHz 


Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tSCY 


SCLK cycle (programmable) 


16X 


8192X 


1 


512 


0.8 


409.6 




toss 


Output Data -* SCLK rising edge 


t SC Y - 2X - 1 50 




725 




550 




ns 


tOHS 


SCLK rising edge-* Output Data hold 


2X-80 




45 




20 




ns 


tHSR 


SCLK rising edge-* Input Data hold 

















ns 


tSRD 


SCLK rising edge-* effective data input 




t S CY -2X- 150 




725 




550 


ns 



4.6 Timer/Counter Input Clock (TI0, TI4, TI5, TI6, TI7) 
Vcc = 5V±10% TA= -40-85 °C (4-1 6M Hz) TA =- 20-70 °C (4~20MHz) 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tvCK 


Clock Cycle 


8X+ 100 




600 




500 




ns 


tvCKL 


Low level clock Pulse width 


4X + 40 




290 




240 




ns 


tvCKH 


High level clock Pulse width 


4X + 40 




290 




240 




ns 


.7 Interrupt Operation 

Vcc = 5V±10% TA = - 40— 85 °C (4— 1 6MHz) TA =- 20-70 °C (4~20MHz) 


Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tlNTAL 


NMI, INTO Low level Pulse width 


4X 




250 




200 




ns 


tlNTAH 


NMI, INTO High level Pulse width 


4X 




250 




200 




ns 


tlNTBL 


INT4-INT7 Low level Pulse width 


8X + 1 00 




600 




500 




ns 


tlNTBH 


INT4-INT7 High level Pulse width 


8X + 100 




600 




500 




ns 
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4.8 Timing Chart for I/O Interface Mode 



J 



r 



A 



X 



X 



x 



< 
< 

h- 
o 



x 



X 



X 



X 



X 



X 



X 

g 

< 
> 

X 



< 
h- 
< 

DO 
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4.9 Timing Chart for Bus Request (BUSRQ) / BUS Acknowledge (BUSAK) 



CLK 



BUSRQ 



BUSAK 



(note 1) 



tBRC 



AD0-AD1 5, A0-A23, 
CS0- C S2, R/W . RAS, 
CAS0-CAS2 



RD, WR, HWR 



ALE 



tCBAL 



7 



tBRC 



/ 



Y^BA _(N° t f_ 2 2 ^ 

(Note 2) 



"tCBAH 



—I* tfiAA 



(Note 2) 



Symbol 


Parameter 


Variable 


16MHz 


20MHz 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


*BRC 


BUSRQ set-up time for CLK 


120 




120 




120 




ns 


tCBAL 


CLK-> BUSAK falling edge 




1.5x+ 120 




214 




195 


ns 


"tCBAH 


CLK— » BUSAK rising edge 




0.5x + 40 




71 




65 


ns 


"tABA 


Output Buffer is off to BUSAK ~\_ 





80 





80 





80 


ns 


^BAA 


BUSAK _J to Output Buffer is on. 





80 





80 





80 


ns 



(Note 1) : The Bus will be released after the WAIT request is inactive, when the 

BUSRQ is set to "0" during "Wait" cycle. 
(Note 2) : This line only shows the output buffer is off-state. 

They don't indicate the signal level is fixed. 

After the bus is released, the signal level is kept dynamically before the bus 
is released by the external capacitance. 

Therefore, to fix the signal level by an external resistance under the bus is 
releasing, the design must be carefully because of the level-fix will be 
delayed. 

The internal programmable pull-up/pull-down resistance is switched 
active/non-active by the internal signal. 
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4.10 Read Operation (PROM Mode) 

DC Characteristic, AC Characteristic 

TA = -40~85°C Vcc = 5V+10% 



Symbol 


Parameter 


Condition 


Min 


Max 


Unit 


V P p 


Vpp Read Voltage 




4.5 


5.5 


V 


V|H1 


Input High Voltage (A0-A16, CE, OE, 




0.7xV CC 


V C c + 0.3 


V 




PGM) 










V|L1 


Input Low Voltage (A0-A16, CE, OE, 




-0.3 


0.3xV C c 


V 




PGM) 










tACC 


Address to Output Delay 


C L = 50 P F 




2.25TCYC -ra 


ns 



TCYC = 400ns (10MHz Clock) 
a = 200ns 



4.1 1 Programming Operation (PROM Mode) 
DC Characteristic, AC Characteristic 

TA = 25 ± 5°C Vcc = 6.25V ± 0.25V 



Symbol 


Parameter 


Condition 


Min 


Typ 


Max 


Unit 


Vpp 


Programing Supply Voltage 




12.50 


12.75 


13.00 


V 


V| H 


Input High Voltage (D0-D7) 




0.2V C c+ 1-1 




Vcc + 0.3 


V 


V|L 


Input Low Voltage (D0-D7) 




-0.3 




0.2V C c-0.1 


V 


Vim 


Input High Voltage (A0-A16, CE, OE, PGM) 




0.7V CC 




Vcc + 0.3 


V 


V|L1 


Input Low Voltage (A0~ A 16, CE, OE, PGM) 




-0.3 




0.3V C c 


V 


Ice 


Vcc Supply Current 


fc = 10MHz 






50 


mA 


Ipp 


Vpp Supply Current 


Vpp = 13.00V 






50 


mA 


tpw 


PGM Program Pulse Width 


C L = 50 P F 


0.095 


0.1 


0.105 


ms 
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4.13 Programming Operation Timing Chart (PROM Mode) 
High Speed Program Writing. 




NOTE 

1. The power supply of Vpp (12.75V) must be set power-on at the same time or the later time for a 
power supply of Vcc and must be clear power-on at the same time or early time for a power 
supply of Vcc- 

2. The pulling up/down device on condition of Vpp = 12.75V suffer a damage for the device. 

3. The maximum spec of Vpp pin is 14.0V. Be carefull a overshoot at the program writing. 
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4.14 Typical Characteristics 

Vcc — 5 V, Ta = 25°C, Unless otherwise noted. 



Vcc(V) 
6 



10 



15 



20 



Figure 5.1 Vcc - fosc TYPICAL CURVE 
lcc(mA) 
40 



fosc(MHz) 




Figure 5.2 f sc- Ice TYPICAL CURVE 




3 4 5 

Figure 5.3 l C c- Vcc TYPICAL CURVE 



v cc (V) 




Vout(V) 




3 4 5 Vout(V) loH(mA) 

Figure 5.4 Vqut - IqlTYPICAL CURVE Figure 5.5 Vqut-Ioh TYPICAL CURVE 
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5. TMP96C141/TMP96CM40/TMP96PM40 Different Points 

TMP96C141/TMP96CM40/TMP96PM40 have much the same function but they are 
different from following points. 



Parameter 


TMP96C141 


TMP96CM40 


TMP96PM40 


Internal ROM 


not exist 


Mask ROM32K-byte 


PROM32K-byte 


POO to P07, 

ADD to AD/ 


Only ADO to AD7 


After reset POO to P07 


P10to P17, 
AD8 to AD1 5, 
A8to A15 


Only AD8to AD15 


After reset P10 to P17 


P30, RD 


Only RD 


After reset P30 


P31, WR 


Only WR 


After reset P31 


P92,CTS0, SCLKO 


TMP96C141 does not 
have the SCLKO 
function. 

Serial chanel does 
not have the I/O 
interface mode. 


TMP96CM40/TMP96PM40 have the SCLKO 
function. 

Serial chanel have the I/O interface mode. 
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TLCS-900 APPLICATION CIRCUIT 



APPLICATION CIRCUIT 

(1) Resonator 

The TLCS-900 incorporates the oscillation circuit, so that it can easily obtain the 
required clock by connecting the resonator to pins (XI and X2). 



Table 1 Ceramic Resonator (Murata Manufacturing Co., Ltd) 



Frequency 


Product No. 


Ci=C 2 


Rd 


4MHz 


CSA4.00MG 


30pF 


kn 


4MHz 


CST 4.00MGW 


(Built-in 30pF) 


o kn 


8MHz 


CSA8.0MT 


30pF 


kn 


8MHz 


CST 8.0MT 


(Built-in 30pF) 


o kn 


12MHz 


CSA12.0MT 


30pF 


o kn 


12MHz 


CST 12.0MT 


(Built-in 30pF) 


o kn 


16MHz 


CSA16.00MX040 


5pF 


o kn 
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Table 2 Ceramic Resonator (KYOCERA CORPOLATION) 



Frequency 


Product No. 


Ci 


c 2 


Rd 


4MHz 


KBR-4.0MSA 


33pF 


82pF 


o kn 


10MHz 


KBR-10.0M 


33pF 


33pF 


kn 


12MHz 


KBR-12.0M 


33pF 


33pF 


o kn 
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X1 X2 

□ □ 

k. Rd 

IDI - 



C1 



C2 



777 777 

Figurel. Resonator Connection 
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(3) Recommended Circuit for External Clock Input 



/ 

TC74HCU04P 



X1 



V 



k 



X2 







3H -91 



N-ch 



STOP 



P-ch] 

i 

Feedback Resistance 



(The internal circuit of TLCS-900) 



Condition : Duty of point A 50±5%(@ Vcc/2) 

CL = 50pF(max) of point A, B 
The single drive from X1 is recommended for application using STOP mode, because 
X2 is fixed to "H" level (X1 :high-impedance) during stop. 



(4) POWER ON RESET Circuit 
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The internal circuit of TLCS-900 
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PACKAGE 



100 pin MFP (Mini Flat Package) 

PACKAGE NAME : QFP100-P-1414 

H 16.0+0.2 

. 14.0±0.2 



75 51 




15.0±0.2 




0.5±0.2 
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OVERSEAS SUBSIDIARIES AND AFFILIATES 



Toshiba America 
Electronic Components, Inc. 

Headquarters— Irvine, CA 

Tel.: (714) 455-2000 Fax: (714) 859-3963 
Wakefield, MA (Boston) 
Tel.: (617) 224-0074 Fax: (617) 224-1096 
Edison, NJ 

Tel.: (908) 248-8070 Fax: (908) 248-8030 

Norcross, GA (Atlanta) 

Tel.: (404) 368-0203 Fax: (404) 368-0075 

Altamonte Springs, FL (Orlando) 

Tel.: (407) 332-0966 Fax: (407) 339-3777 

Deerfield, IL (Chicago) 

Tel.: (708) 945-1500 Fax: (708) 945-1044 

Richardson, TX (Dallas) 

Tel.: (214) 480-0470 Fax: (214) 235-4114 

Sunnyvale, CA 

Tel.: (408) 737-9844 Fax: (408) 737-9905 
Irvine, CA 

Tel.: (714) 453-0224 Fax: (714) 453-0125 
Denver, CO 

Tel.: (303) 220-9848 Fax: (303) 220-9856 
Microelectronics Center- 
Sunnyvale, CA 

Tel.: (408) 739-0560 Fax: (408) 746-0577 
Electron Tube & Device Division— 
Deerfield, IL 

Tel.: (708) 945-1500 Fax: (708) 945-1044 
Advanced Materials Division— 
Westboro, MA 

Tel.: (508) 836-3939 Fax: (508) 836-3969 

Vertex Semiconductor Corporation 

(R & D)— San Jose, CA 

Tel.: (408) 456-8900 Fax: (408) 456-8910 

Toshiba Display Devices, Inc. 
Horseheads, NY 

Tel.: (607) 796-3500 Fax: (607) 796-3564 

Industria Mexicana 
Toshiba S.A. DE C.V. 
Mexico 

Tel.: 5-65-00-88 Telex: 017-72-560 
Cable: Toshiba Mexico 



Toshiba Electronics Europe GmbH 
Dusseldorf Head Office 

Tel.: (0211) 5296-0 Fax: (0211) 5296-400 
Teletex: 211 4689 = TOSHD 
Stuttgart Office 

Tel:(07152) 6045-0 Fax: (07152) 6045-45 
Telex: 7245706 = TOSSD 
Munchen Office 

Tel.: (089) 928091-0 Fax: 089-92809142 
Telex: 5-21 3363 = TOSMD 
Berlin Office 

Tel.: (030) 8859700 Fax: (030) 88597017 
Telex: 2114689 = TOSHD 

Toshiba Electronics France SARL 
France 

Tel.: (1) 48 12 48 12 Fax: (1) 48 94 51 15 
Telex: 232 030F 

Toshiba Electronics Italiana S.R.L 
Italy 

Tel.: 039-6057234 Fax: 039-6057252 
Telex: 326423 SIAVBC 

Toshiba Electronics Esparia, S.A. 
Spain 

Tel.: (1) 3143693 Fax: (1) 3143610 

Toshiba Electronics (UK) Limited 
U.K. 

Tel.: 0276-694600 Fax: 0276-691583 
Telex: 858803 = TOSHEC 

Toshiba Electronics Scandinavia AB 
Sweden 

Tel.: 46-8-704 0900 Fax: 46-8-80 8459 
Telex: 14169 TSBSTK S 

Toshiba Semiconductor GmbH 
F.R. Germany 

Tel: (0531) 3199-0 Fax: (0531) 3199-299 
Telex: 952368 



Toshiba Electronics Asia (Singapore) Pte. Ltd. 
Singapore Head Office 

Tel.: 278-5252 Fax: 271-5155 
Bangkok Office 

Tel.: (2) 501-1635-6 Fax: (2) 501-1638 

Toshiba Electronics Trading 
(Malaysia) Sdn. Bhd. 

Kuala Lumpur Head Office 

Tel: 60-3-756-5308 Fax: 60-3-756-5561 
Penang Office 

Tel: 60-4-368-523 Fax: 60-4-368-515 

Toshiba Electronics Asia, Ltd. 
Hong Kong Head Office 

Tel.: 852-3756111 Fax:852-3750969 
Telex: 38501 TSBEH HX 
Seoul Office 

Tel.: (2) 757-2472 - 4 Fax: (2) 757-2475 
Shanghai Office 

Tel: 86-21-472-3077, 86-21-472-3592 
Fax: 86-21-472-7028 
Guangzhou Office 
Tel.: 86-20-3311122 , 86-20-3311133 
Fax: 86-20-3311299 

Toshiba Electronics Taiwan Corp. 

Taipei Head Office 

Tel.: 2-514-9988 Fax: 2-514-7892 
Kaohsiung Office 

Tel.: (07) 222-0826 Fax: (07) 223-0046 

Toshiba Electronics Malaysia Sdn. Bhd. 
Malaysia 

Tel.: 03-352-6001-7 Fax: 03-352-6139 
Telex: TOEL MA 39506 

Toshiba Display Devices (Thailand) 
Thailand 

Tel.: (2) 501-1200 Fax: (2) 501-1209 

Toshiba Semiconductor (Thailand) Co., Ltd. 
Thailand 

Tel.: (2) 513-9648 Fax: (2) 513-9653 
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In Touch with Tomorrow 

TOSHIBA 



TOSHIBA CORPORATION 

INTERNATIONAL OPERATIONS— ELECTRONIC COMPONENTS 

1-1, SHIBAURA 1-CHOME, MINATO-KU, TOKYO, 105-01, JAPAN 
Tel.: (03) 3457-3914 Fax: (03) 3451-0576 Telex: J22587 



